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I. A VISIT TO THE ANCIENT OBSERVATORY 
AT DELHI, LOCALLY KNOWN AS THE 
“JUNTER MUNTER.” 


By H. A. Tracey, Major R.A. 


GS uRING the visit of H.R.H. the Prince of Wales to 


Delhi, in the winter of 1875-76, my battery, among 

many others, was temporarily stationed there, and 
after H.R.H.’s departure I employed our few leisure days in 
visiting the interesting remains of ancient grandeur that 
dot the country for 10 or 12 miles to the south of the 
modern city. 

One of the most conspicuous is the great Sun-dial, erected 
by Rajah Jey Sing, about A.D. 1720. Its gnomon is a 
very remarkable object, rising stiff and angular some 60 feet 
above the plain. Those who mount the narrow stairs that 
lead to its summit find it crowned by a “ Lingam,” sure 
sign of a worship of ‘‘ Baal” as descended to these days. 
There were the yellow flowers and grains of rice on and 
about it, showing that it is a “‘ high place,” still used by the 
neighbouring peasantry. 

This Sun-dial, though the most prominent, is not the 
most important part of the remains of the Observatory. 
Two low towers, about 24 feet high and 60 feet in diameter, 
attract one’s attention when on the gnomon, and lie due 
south of it. As seen from that more elevated spot their 
cylindrical exterior is at once noticed, and the observer has 
also the opportunity of remarking that the tower is open to 
the heavens; that a central pillar rises in each to the same 
height as the walls, which have deep vertical recesses on 

VOL IX. (N.S.) 3D 
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their inner surface, so that, while the exterior plan of each 
tower would be represented by a circle, a cogged wheel 
would show the shape of the floor inside. 

From a certain spot on the flight of steps running up the 
gnomon, the central pillar of each tower can be observed as 
being truly level with its surrounding wall. From this spot 
another peculiarity can be seen:—The projecting teeth of 


Fic. 1.—GrounpD PLAN oF TOWERS. 3}, Scale (Natural). 
Shaded portions brickwork ; dotted parts rank grass and filth. 

















A. Centre of pillar. As. Radius of pillar, 32°5 inches. Ac. Radius of 
interior of tower, 325 inches. AD. Radius of cogs, 350 inches. 
AE. Radius of exterior of tower, about 360 inches. AF. Unoccu- 
pied interval, about r30inches. xx, &c. Raised sectors with “ivory” 
cement covering. 


the imagined cog-wheel are apparently the same as the 
intervals between them. Both the towers seem in every 
respect alike, except that the nearest of the two towers has 
its northern cog in a line with us and its central pillar, 
while the furthest tower has one of the intervals between 
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the cogs in the same line, as if indeed the southern tower 
had been turned in azimuth through the space of one cog. 
With this exception the towers seemed similar. 

The towers are well built of brick, and plastered. A 
small doorway in each led to the inner floor, 5 or 6 feet below 
the present level of the adjacent ground. 

In the interior the first rough plaster is covered with a 
fine hard one everywhere; and that again on the portions 
marked with lines, &c., for observation, bore a still finer 
plaster, that, wherever I remarked it, had a surface, touch, 
and colour that can fairly be compared to ivory. 


Fic. 2.—VERTICAL SECTION THROUGH CENTRE. 3}, Scale (Natural). 
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AA. Centre of pillar. Aas. Radius of pillar, 32°5 inches. ac. Radius of 
interior of tower, 325 inches. AD. Radius of cogs, 350 inches. 
AE. Radius of exterior of tower, about 360 inches. AF. About 
130 inches. CG. 2925 inches. CBGH is a square, and the angle 
CGB =45°. The dots along cG are the pigeon-holes for the feet. 


A zealous “Sub” helped me in making the measures 
from which the accompanying plan and se¢tion of the 
towers are drawn. 

To commence with the plan, Fig. 1. 

The floor may roughly be described as a cart-wheel in 
shape, the eighteen spokes of which are raised from the 
ground (see Fig. 2) on five—I think, but not recorded in my 
notes—low arches. The intervals between the spokes are 
of equal breadth with the raised parts, and are at present 
covered with the exuviz of the human and animal popula- 
tion of the neighbourhood. These portions of the floor 


each extend about 2 feet radially into the thickness of the 
3D2 
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wall, and, carried up vertically, give the cog-wheel-like 
appearance to the inner plan of the towers, as noticed when 
looking down on them from the gnomon. On each side of 
these recesses are pigeon-holes, of a convenient size for the 
feet, so that, by straddling across from side to side, an 
observer can easily mount, resting his back against the wall, 
up to the top, and bring his eye with ease to the edge on 
either side, on which are marked the angles of depression 
from the edge of the flat top of the centre pillar. Along 
these vertical edges the degrees are numbered in Hindoo 
(Sanscrit), not Arabic figures, the Zero being at the top, 
and the 45th degree at the angle where the vertical and 
horizontal portions of fine work meet (see the angle marked 
G in Fig. 2). The Zero point (c, Fig. 2) was in every case 
removed. (Every fifth degree was marked in figures, the 
others by a line only.) I walked round the summit of each 
tower to assure myself of this, as I was anxious to find one 
in situ. It had apparently been marked by the edge of a 
stone about a foot square, and so would be a convenient 
size for grinding curry-stuff on. Such stones are in daily 
use by all the inhabitants of the country, and being ready 
cut and levelled would naturally be soon appropriated. And 
the flight of pigeon-holes led directly up to them. 

Each of the observing recesses had three windows, lancet- 
shaped, together forming three rows of windows round each 
tower: they were of no apparent value, and were draughty 
and dangerous for an observer. Some were bricked up, and 
I regret I did not record the position of these, as it might 
have given an idea of the direction from which observations 
were most frequently taken. 

The eighteen spokes being of the same width as the inter- 
vals between them, it follows that the circular floor was 
divided into thirty-six equal divisions of 10 degrees each. 
And now we learn the value of the two towers—as the 
raised ‘‘ spokes,” or ‘‘ sectors” as we shall prefer to call 
them, in one occupied the place of the unmarked floor in 
the other. Each of these raised seftors, and the vertical 
wall adjoining them, had been once covered with the fine 
‘‘ ivory ” cement I have spoken of. But little of it remains 
on the broad surfaces, as it seemed to have suffered from 
the weather and the frosts not uncommon here in January 
and February; though in the salient angles formed by the 
recesses I have mentioned it was more perfect than else- 
where, and the lines and figures on it were generally legible. 
They had apparently been drawn by some blunt fine-pointed 
instrument before the cement was quite dry. Each sector 
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was divided radially into six divisions by five deep lines, and 
each division into five subdivisions by finer lines. So each 
large division represented 10° divided by 6, or— 


(= - oo’), 


100 minutes of azimuth angle; and consequently each 
finely-marked subdivision equalled 20’ of angle. 

I am not able to say positively that these finer subdivisions 
were continued on the vertical walls. I saw some parts 
where the fine cement appeared intact, but not within 
reach, where I thought the finer lines apppeared, but I was 
not certain. They did mot exist on the index edges, where 
the written numbers of the degrees were marked. The 
inner ends of the se¢tors were much damaged, the open 
space between them and the centre pillar being anything 
from 6 to 8 feet. 

The centre pillar has a ring of well-cut stones, eighteen 
in number, on a level with and corresponding to the 
eighteen sectors. They are of the fine red freestone of the 
district, and project from the pillar about 2 inches (not ex- 
actly recorded in my notes). Their upper surface is level 
and finely dressed, and divided equally by radial lines into 
six parts. The space between each stone—equal in width 
to the stone itself—is occupied by a red stripe running ver- 
tically the whole length of the pillar. The pillar itself is 
divided above the level of the projecting stones, by clearly- 
marked red rings, into five horizontal blocks, each block 
being subdivided by finer horizontal lines into nine smaller 
blocks. 

Judging by eye; and with the assistance of my Lieutenant 
on the opposite side of the tower, it was clear that the 
middle of each of the bolder red rings was intended to be 
(and indeed was) on the same level as the 36°, 27°, &c., 
marked on the index edges of the observing recesses. And 
the marks were as closely accurate as we were capable of 
discerning with the unaided eye. The level stone on the 
summit of each central pillar was in its place, with the edge 
angle very fine dressed. 

In the northern tower, which is the one nearest the Sun- 
dial, the prolongation of the gnomon’s western face is 
marked by a window, unlike the others in the tower. It is 
of lancet-shape, but extends from second to third row of 
windows counting from the ground; its apex marks the 
prolongation of the north and south line, while the same 
line on the opposite side of the tower falls exactly on the 
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edge of another window, signalised by being splayed out on 
that particular side into an exceptional shape, and leaving 
the edge required for observation dressed with the fine 
‘ivory’? cement. The N. and S. line only just clears the 
centre pillar. The same line is carried through the southern 
tower, falling on the other side of its centre pillar (I think 
so at least, though I did not record it in my notes made on 
the spot), and its position is again marked by fine edges of 
the ‘‘ ivory”? cement, though the windows are not of such 
exceptional shape as in the northern tower. 

All the above lineal measures were made with a folding 
rule of box-wood, by Adie, of Edinburgh, and specially 
tested at the Observatory of that city for accuracy. It is 
25 inches in length. One side of the rule was marked to 
tenths, and the other to half-tenths of an inch. 

The measures on the walls and sectors we considered 
trustworthy; those connecting the walls with the centre 
pillar were carried out with difficulty. A plumb-line was 
dropped from some well-marked position at the edge of a 
sector, and then, by means of two boards alternately moved, 
the measure was carried step by step across the filth that 
covered the ground. A tight string gave a straight line, but 
no special means were taken for levelling. Dire¢t measures 
from wall to pillar were also made in the same manner. 


The general result of our measures were— 
British inches. 


Radius of the interior of the tower .... .... 325°0 
» centre pillar... ... » yey 
Height of finely-cemented portion of tower, 
inside above the sectors: mean of several 
Pe 6a ws mh me et em ww OE 


In this last measure, which theory demands should be 
292°5 inches, it must be remembered the original index edge 
had been removed for the vertical, and we were guided by 
eye alone, taking the centre pillar’s top and the opposite 
side of the tower as our guide. 

I noticed that the index markings for vertical angle were 
not too truly marked ; several had double lines. Those in 
azimuth were not too accurate. The box-wood rule allowed 
of its being bent against the inner circumference of the 
wall, and the width of the divisions in azimuth were care- 
fully recorded. 


Inches. 
8 are each recorded as ... ... ... 5°75 
I is recorded as i oe oe we Se 


I ” ” a a 
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Each of these divisions represent 100 minutes of horizontal 
angle. 


Having completed, as well as time permitted, our mea- 
sures of the towers, we devoted our spare time on the 
second day to a closer inspection of the great Sun-dial. 

It is built on the edge of a natural, or perhaps artificial, 
depression in the ground, so that, though it only stands 
some 60 feet above the general level of the country, its per- 
pendicular face really has a front of about go feet, the 
excavation at its foot giving it that additional height. From 
each side of its foot, and (in plan) at rather less than a right 
angle, sweep up the great arcs on which the shadow falls. 

The Western one is quite ruined: a large badger appeared 
its only tenant, and watched us. The Eastern one had 
enough remaining to enable us to follow the shadow over 
the few existing legible markings, by mounting a very nar- 
row and hazardous flight of steps which followed the sweep 
of the arc. As I mounted the ruined steps, spare remnants 
of the ‘‘ivory ” cement called my attention, and it was clear 
that the crest of the parapet between me and the gnomon 
was the dial on which the time was marked. 

Waiting till the sun was low I was able to watch the 
shadow moving over some of the more perfect portions of 
the scale. The workmanship was kindred to that of the 
towers—brickwork, rough plaster, finer plaster, and for the 
inscribed portions the “ivory” cement. I was not able to 
measure the angular divisions of the circle on this arc, but 
I could see the markings were finer than could be read, or, 
in other words, the penumbra on the edge of the shadow 
was wider than the space between each of the finer marks, 
so that its fall on each could not be noted accurately by my 
unpractised eye. These smallest divisions were arranged in 
groups of five. A blank concentric space of the same 
angular value marked each block of five, and an inner curve 
again gave larger divisions, but there was no portion of 
plaster left large enough to count how the enumeration was 
commenced. 

An eye accustomed to watch the record of this great dial 
could no doubt read it to a fraction of a minute; but with 
such a broad penumbra no two observers could, I think, 
give similar independent readings. 

On our two visits to the top of the gnomon we took fre- 
quent measures of its angle ; they all lay between— 


28° 15’ and 28° 45’ (mean 28° 30’), 
or close on the real latitude of the spot. 
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The substrutures and architeCtural arrangements for the 
Eastern arc of the Dial were made subservient to many 
purposes, chief of which we noticed a narrow gallery or 
chasm running due N. and S. I hardly know how to 
describe it. In ground plan it would be a narrow parallelo- 
gram, about 6 feet wide; in side elevation, wedge-shaped— 
its central line in the direction of the mean angular midday 
elevation of the sun; the vertical height of this wedge being 
that of the arc, or about 60 feet. The apex of this wedge 
is a well-cut horizontal slit, about 2 inches wide, in a finely- 
dressed stone, and not to be noticed at first in the ruined 
condition of the outside; but inside the curious vault at 
midday its meaning is evident, as the line of sunlight falls 
across an arc, ready marked, recording the sun’s vertical 
height at noon during the year. 

The visit was an interesting one, but I left the “‘ Junter 
Munter ” with the idea that it was only the scientific toy of 
a rich man, with yearnings maybe ahead of his time; and 
when “ Jey Sing” was gathered to his fathers, I imagine 
the “ Junter Munter” soon fell into a respectable disuse. 








II. THE ACTION OF LIGHT ON PLANTS. 


the British Association, Dr. Allman remarked that 

in by farj the greater number of plants the proto- 
plasm of most of the cells which are exposed to the sun- 
light undergoes a curious and important differentiation, 
part of it becoming separated from the remainder in the 
form usually of green granules, known as chlorophyll gra- 
nules. To the presence of chlorophyll is due one of the 
most striking aspects of external nature—the green colour 
of the vegetation which clothes the surface of the earth; 
and with its formation is introduced a function of funda- 
mental importance in the economy of plants, for it is on the 
cells which contain this substance that devolves the facult 
of decomposing carbonic acid. On this depends the assi- 


iy his Presidential Address at the Sheffield Meeting of 
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milation of plants, a process which becomes manifest exter- 
nally by the exhalation of oxygen. Now, it is under the 
influence of light on the chlorophyll-containing cells that 
this evolution of oxygen is brought about. The recent ob- 
servations of Draper and Pfeffer have shown that in this 
action the solar spectrum is not equally effective in all its 
parts; that the yellow and least refrangible rays are those 
which act with most intensity; that the violet and other 
refrangible rays of the visible spectrum take but a very 
subordinate part in assimilation ; and that the invisible rays 
which lie beyond the violet are wholly inoperative. 

In thus acknowledging the labours of Draper and Pfeffer, 
Dr. Allman forgot the previous researches of Mr. Robert 
Hunt, F.R.S., who investigated the subject forty years ago. 
Dr. Allman, however, in a letter to Mr. Hunt, observes, “ I 
have been refreshing my memory of your researches by reading 
your published account of them, and their completeness and 
conclusiveness render my regret the greater that I had not 
given them the recognition they so well merit.” The re- 
sults of Mr. Hunt’s ‘‘ Researches on the Influence of the 
Solar Rays on the Growth of Plants ” were described to the 
British Association in 1842 and 1846, and are given in his 
“Researches on Light.”* In his history of the progress of 
the inquiry, he refers to Dr. Priestley’s experiments in 1779. 
These researches, which showed that carbonic acid was ab- 
sorbed by the plant, that under the influence of light it was 
decomposed, and that its oxygen was again liberated, were 
confirmed by the experiments of several naturalists and 
chemists, including Senebier, Ingenhousz, DeCandolle, 
Saussure, and Ritter. The general result of the investiga- 
tions on the chemistry of vegetation up to this point was, 
Dr. Hunt observes, that light was essential to healthful 
vegetation, but that the decomposition of the carbonic acid 
by the plant took place more decidedly under the influence 
of the most refrangible range of the spectrum than of those 
which possessed superior illuminating power. In 1801 
Labillardiére communicated to the Philomathic Society his 
discovery that light was necessary to the development of 
pores in plants; and about the same time Victor Michellotti 
announced that light has a decided action on those germs 
which are exposed to it,—that this action is prejudicial to 
them, and it manifests its action by retarding their expan- 
sion if the light be weak or a deflected light, or by total 


* Researches on Light in its Chemical Relations, embracing a consideration 
of all the Photographic Processes. By RoBeRT Hunt, F.R.S. Second Edition. 
London: Longmans. 1854. 
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extinction of their life if it be very intense, as that which 
comes dire¢tly from the sun. M. Macaire Prinseps observed 
that sheltering leaves from the action of light prevents their 
change of colour in the autumn; that if the entire leaf was | 
placed in the dark, it fell off green; if only a part, the rest’ 
of the parenchyma changed colour, and the covered portion 
retained its original colour. 

Mr. Hunt’s own experiments extended over seven years; 
they were made at every season of the year, and the localities 
in which they were carried on were changed from the south- 
western extremity of the kingdom to the neighbourhood of 
the metropolis. The problem he wished to solve was the 
proportion and kind of influence exerted by light, heat, and 
actinism in the various stages of vegetable growth. The 
experiments were made under the action of those radiations 
which had permeated variously coloured media, such as 
tinted glass and coloured transparent fluids. We should 
like, did space permit, to refer to the many precautions 
taken in order to render the experiments exact and con- 
clusive. We can, however, only give the results, referring 
our readers to Mr. Hunt’s own account for further particu- 
lars of his observations. These results are as follow :— 


1. Light prevents the germination of seed. 

2. Actinism quickens germination. 

3. Light acts to effect the decomposition of carbonic acid 
by the growing plant. 

4. Actinism and light are essential to the formation of the 
colouring-matter of leaves. 

5. Light and actinism, independent of the calorific rays, 
prevent the development of the reproductive organs 
of plants. 

6. The heat radiations corresponding with the extreme 
red rays of the spectrum facilitate the flowering of 
plants and the perfecting of their reproductive prin- 
ciples. 


In order to ascertain the exact conditions in which the 
luminous aé¢tinic and calorific principles exist, Mr. Hunt 
made frequent examinations of the condition of the solar 
radiations. He found that in the spring the a¢tinic principle 
is most active, and as compared with light and heat it is 
considerably in excess. As the summer advances the quan- 
tity of light and heat increases relatively to the actinic 
principle in a very great degree. In the autumn light and 
actinism both diminish, and the calorific radiations are 
relatively to them by far the most extensive. 
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The term light is here used to express all those rays of 
he spectrum which are visible to a perfe@tly-formed human 
eye ; by actinic principle is meant the principle to which the 
phenomenon of chemical change under solar influence be- 
longs; and by calorific radiations, not merely those effects 
which are traceable by any thermometric instruments, but 
also those which we can detect by the protection from 
change produced by aclass of rays existing near the point 
of maximum heat in the spectrum. In the spring, when 
seeds germinate and young vegetation awakes for the repose 
of winter, we find an excess of that principle which imparts 
the required stimulus; in the summer this exciting agent 
is counterbalanced by another possessing different powers, 
upon the exercise of which the structural formation of the 
plant depends; and in the autumnal season these are 
checked by a mysterious agency, which we can scarcely 
recognise as heat, although connected with thermic mani- 
festations upon which appears to depend the development 
of the flower and the perfection of the seed.” 


The phenomena which the prolonged action of sunlight 
produces on vegetation in high latitudes are recorded by 
M. J. A. Broch, in a work recently published.* 

The farther we go eastward from the Gulf Stream the 
more severe is the climate, even though the degree of lati- 
tude be the same. Thus Scandinavia and Finland possess 
an exceptionally mild climate, considering their high polar 
altitude. Indeed barley and oats will ripen in the most 
northern distri¢éts of Norway, Sweden, and Finland, and 
immense forests are met with; whilst in Iceland, Green- 
land, and the Polar confines of Russia and America, the 
earth is bare and sterile, and there are eternal snows. The 
cause of these advantageous climatic conditions is to be 
attributed to the enormous mass of warm water and hot 
air which the Gulf Stream brings down from the Equatorial 
region to the coast of Norway, which coast it approaches 
between 60° and 61° of latitude. This circumstance, to- 
gether with the difference in the geological formation of the 
various northern countries of Europe, naturally lead to 
certain dissimilarities in the respective climates of these 
countries. Comparing Norway and Sweden, for instance, 
in the former the sun is moist, cloudy, and the 
quantity of rain considerable, the winters mild and the 
summer cold; -while in Sweden the sun is brighter, the 


* Le Royaume de Norvége et le Peuple Nurvégien, par J. A. Brocu, Ancien 
Ministre de Norvége. : 
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air drier, the quantity of rain less, the winters are cold 
and the summers hot. The isothermic line passing through 
the places whose mean temperature is zero,—skirting in 
Norway the chain of mountains and the sea coast from the 
North Cape, embracing also the central part of that country 
between the 6oth and 63rd parallels—begins in Finland at 
the 66th degree of latitude, and rises rapidly to the north, 
forming a curve which encloses the elevated lands of the 
interior between the Gulf of Bothnia and the Arétic Sea, 
so that not only the countries situated south of that parallel, 
but also those which slope towards the Arctic Ocean and 
are submitted to the salutary influence of the Gulf Stream, 
have a mean temperature above zero. Of all the countries 
situated in the same latitude as Finland, the Scandinavian 
peninsula alone enjoys a milder climate. European Russia 
is much colder, and the climate of Asiatic Russia still 
severer. The neighbourhood of the sea and the abundance 
of lakes—in the number of which no country in Europe, or 
perhaps in the world, can compare with Finland—cause a 
tolerable quantity of rain to fall, and render the climate 
somewhat humid. 

With regard to the action of prolonged solar light on the 
vegetation common to all those countries, Dr. Schiibeler, of 
the University of Christiana, has demonstrated that the 
seed of corn or other plants obtained from the northern 
regions ripens more quickly than that produced in the more 
southern countries. Inthe regions of the extreme north, 
where grain crops are uncertain in their yield, owing partly 
to the elevation of the land above the level of the sea, the 
seed corn of the north is always used in preference to any 
other. It is not Jess true that the various kinds of grain 
and vegetables cultivated in the northern regions yield 
better and are much richer in carbo-hydrates than the 
varieties cultivated more to the south. The colour, more- 
over, is deeper—a phenomenon which applies also to all 
trees and plants. Foreign botanists visiting Norway, and 
the other countries of the extreme north, in summer, are 
astonished at the fresh dark green of the foliage and the 
bright colours of those flowers which grow both in northern 
and southern climes; and as this richness of colour in- 
creases regularly with the latitude, trees and plants have at 
first been considered as new varieties. The leaves of trees 
grown in the north are larger even when the seed has been 
brought from more southern countries. M. Schiibeler has 
likewise proved that the aroma of all kinds of plants and 
fruits, both wild and cultivated, increases as the north is 
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approached. Ordinary vegetables and herbs grown in high 
latitudes have a far more aromatic taste than those grown 
in more southern countries. The meadow cumin (Carum 
Carvi) is an example of this fact: grown at Christiana it 
contains 5°8 per cent of volatile oil, whilst that cultivated 
in Germany and Central Russia contains only from 4’o to 
4°8 per cent. But this large development of aromatic 
essence is not always considered an advantage ; for instance, 
the tobacco plant grown in Norway or other northern coun- 
tries contains, it is said, too much nicotine. In proportion, 
however, as the aroma increases with the latitude the sac- 
charine substances diminish: the berries and fruits of the 
north are less sweet than those which are cultivated or grown 
wild in the more southern parts of those countries. Conse- 
quently whilst Norway as well as Sweden, and even Finland, 
produce the most delicious apples, the pears are not suffi- 
ciently sweet. 

These facts, as well as the rapid growth of vegetation in 
the northern regions, are attributed to the prolonged action 
of solar light. Indeed at Christiana, at the summer solstice, 
the sun remains below the horizon only 5 h. 17 m.; 
at Froudheim, 3 h. 34 m. At Bodé, the chief town in 
Nordland, the sun does not descend below the _ hori- 
zon from the 2nd June till the 11th July; at Tromséd, 
from the 2oth May to the 24th July; at Hamerfest, the 
chief town of Finmark, from the 15th May to the 2gth 
July. On the other hand, the centre of the sun does not 
appear above the horizon at Bodo from the 14th to the 28th 
December; at Tromsé, from the 25th November till the 
16th January; and at Hamerfest, from the 2oth November 
to the 21st January. 

It is not surprising that barley, potatoes, and many other 
plants and vegetables ripen in the most northern latitudes, 
seeing they are exposed to a considerable amount of heat 
during two or three months of the year. In those regions 
where the sun hardly descends below the horizon in summer, 
there is no night, only a short twilight; the growing plant 
therefore enjoys permanently, and without interruption, the 
heat and light which it requires. 
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III. TECHNICAL EDUCATION IN ENGLAND, 
FRANCE, AND GERMANY. 


HE City of London Guilds and other corporate bodies 
seem at length to be convinced of the absolute neces- 
sity of adopting some measure for the advancement 

of technical education in England. As far back as the Paris 
International Exhibition of 1867 our English mastersand work- 
men awoke to the fact that the leading position which we had 
formerly occupied as makers of the world’s goods was being 
endangered by the talent and enterprise of foreign nations. 
The first note of alarm was sounded by Dr. Lyon Playfair, in 
a letter addressed to Lord Taunton, the Chairman of the 
Schools Inquiry Commission then sitting. The aim of this 
communication was to enquire whether England was really 
losing her high position in those industries which involve 
the application of scientific knowledge to produ¢tion, and, 
if so, whether this retrogression was due to our comparative 
backwardness in the diffusion of a knowledge of applied 
science amongst the working classes. The British Com- 
missioners appreciated the warning at its proper value, and, 
taking advantage of the presence in Paris of some of the 
most eminent British men of science of the day, they con- 
sulted them on the subject, the result being that, with 
scarcely a single dissentient voice, they affirmed that the 
lack of technical education on the part of British masters 
and workmen was slowly, but surely, undermining the posi- 
tion of Great Britain as mistress of the industrial arts. 

Speaking generally these salutary warnings have been 
neglected, although in some few isolated instances they have 
been duly acted upon. These praiseworthy efforts have for 
the most part been the work of individuals, and as such 
have only wrought good in particular localities, anything 
like combined action being entirely wanting. 

Amongst the latest utterances on this vitally important 
subject, the paper on “‘ Apprenticeship Schools” read by 
Prof. Silvanus Thompson before the British Association at 
Sheffield, and just republished in pamphlet form,* and 
the Address of Prof. Ayrton at the opening of the City and 
Guilds of London Institute,t are the most striking. The 

* Apprenticeship Schools in France. By Sitvanus P. THompson, B.A., 
D.Sc., F.R.A.S., Professor of Experimental Physics, University College, 
Bristol. London: Hamilton, Adams, and Co. 

+ The Improvements Science can eff-¢& in our Trades and in the Condition 
of Our Workmen. By Prof. W. E. Ayrton. 
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ist of these able contributions to our knowledge of the 
subject is that our present system of apprenticeship is utterly 
rotten, and must speedily be replaced, under the penalty of 
seeing the whole of our trade with foreign nations gradually 
drift away from us. During the last half century appren- 
ticeship, as it was understood by our forefathers, has ceased 
to exist except in name. The master of the present day, 
unlike his predecessors, seeks his own benefit instead of his 
apprentice’s, and looks more to what he can make out of 
him than what he can teach him. A boy of fourteen enters 
a workshop willing and anxious to learn his trade ; for the 
first year or so he finds himself in the position of a mere 
errand-boy, or at any rate the servant instead of the pupil 
of his superior. As soon as another apprentice can be found 
to do his drudgery he is set to some particular branch of 
work, and if the shop be a large one he will very probably 
be kept at it till the end of his term. Hes placed under a 
workman from whom he learns but slowly, seeing that his 
teacher, being constantly employed on his own work, has 
but little time to teach him,—the evil reaching its highest 
point in places where piecework is the rule. It is no one’s 
duty to teach him, and, as it formed no part of the contract 
between employer and employed, the journeyman very justly 
refuses to expend any very great portion of his time in 
instructing his master’s apprentice in the secrets and mys- 
teries of his handicraft. As for the master, the boy receives 
no help from him, even supposing that he is competent to 
teach him. He consequently picks up his knowledge of one 
small branch of his trade in an unintelligent and desultory 
manner, and leaves the workshop at the end of seven years 
capable of doing only one thing, and that by rule-of-thumb, 
just as his shopmates have done before him. How differ- 
ently things were managed in what may truly be called the 
good old days of apprenticeship! In those times the master 
was also a workman, and laboured at his craft. He had 
learned every branch of it, and understood it so thoroughly 
as to be able to teach it to others. Capital and steam have 
together created gigantic factories, and the old domestic 
workshop—in which each worker formed part of a kind of 
family—gradually became the exception ; the master crafts- 
man became the mere employer, and the apprentice the boy 
worker. 

The connexion between the depression of trade in skilled 
industries and the question of proper technical education, as 
well as the hopelessness of attempting to galvanise the old 
system of apprenticeship into life, is well pointed out by Mr. 
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George Howell in the ‘‘ Contemporary Review ” for Octo- 
ber, 1877. 

The question now is, what modern substitute for the old | 
system can be adupted to the wants and wishes of the nine- 
teenth century? Prof. Thompson’s investigations happily 
enable us to lay before the reader the aQiual results of cer- 
tain experiments recently made in France with a view to 
organising a new system of apprenticeship that shall be 
more in accordance with the social conditions of the present 
day. These results prove that the systematic instruction of 
apprentices is possible in several different ways; that ap- 
prenticeship schools afford a most satisfactory way of 
attaining this result ; and, lastly, that the new system solves 
the problem involved in the decay of the old apprenticeship, 
The problem to be solved, stated briefly, is this :—How to 
give artizan children the technical training and scientific 
knowledge which their occupation demands, without de- | 
taining them so long at school as to give them a distaste for 
manual labour. The problem may be solved in four ways, 
all of which have been tested :— 


First. We may apprentice children at an earlier age than 
at present, making it obligatory that all through their 
apprenticeship {they shall every day have a certain 
number of hours of schooling in a school attached to 
the workshop. 

Secondly. The children may be kept at school for a longer 
period, on condition that they shall pass a certain 
amount of time in a workshop attached to the 
school. 

Thirdly. We may organise a school and workshop side by 
side, an equal number of hours being devoted to 
manual labour and study. 

Fourthly. We may send the children for half the day to 
the existing schools, and the other half to work half- 
time in the workshop or fa¢tory. 


The first of these plans strongly commends itself to our 
attention, for the knowledge imparted in the school could be 
correlated to the work done in the factory, to the manifest 
benefit of both the employer and the employed. This 
system has been tried in France for the last thirty years, 
and the establishment of MM. Chaix and Co., the French 
Railway Guide printers, may be cited as a type of the 
whole. MM. Chaix’s typographical school—for such it 
really is—has been in existence for seventeen years, and has 
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supplied nearly a hundred able workmen to the firm itself, 
and the few who have left have found exceptionally good 
situations. The apprentice is bound for four years, the em- 
ployers guaranteeing him a place when he is out of his time. 
They are divided into two classes, compositors and printers. 
Close to the composing- and press-rooms there is a school- 
room, where the apprentices of both classes spend a couple 
of hours daily, either in improving their knowledge of the 
three R’s or in going through a technical course of typo- 
graphy, including grammar, writing and composition, reading 
and correcting proofs, the study of the different kinds of 
type, and soon. They are also taught to read and set up in 
type Greek and Latin, without any attempt to instruct them 
grammatically in these languages; and they are taught the 
rudiments of English and German. Lastly, there is a 
course on such subjects as the history of typography, or 
mechanics, physics, and chemistry, as far as they apply to 
printing machinery and processes. During the three years 
the apprentice compositors receive from 5d. to 2s. per day, 
and the printer apprentices from 7}d. to 3s. 8d. At the end 
of the term most of the apprentices prefer to remain in the 
employment of the firm, and can then earn from 3s. to 6s., 
according to their ability. Great pains are taken to system- 
atise the teaching. The compositor apprentices are set to 
work under the direction of a foreman whose chief business 
is to instruct them, and not to work for his own or his em- 
ployer’s benefit: he is, in fact, a professor of printing, just 
as Professor Thompson is a professor of Physics. 

MM. Chaix’s establishment, it must be understood, is only 
one of over two hundred similar schools in different parts of 
France, in which a similar system of instruction is given in 
the manufacture of optical instruments, shirts, jewellery, 
paper, Italian paste, ribbons, calicoes, plate glass, silks, 
bookbinding, and a dozen other branches of trade. 

A great impetus has been given to this kind of apprentice- 
ship schools by the passage of a law, in 1874, forbidding the 
industrial employment of children under 12, except they 
receive two hours schooling per day; nor may children over 
12 and under 15 be employed for more than six hours per 
day, unless they have finished their elementary education, 
their employers being made personally responsible for carry- 
ing out these regulations. 

In the school of M. Soufflot, a jeweller, the character of 
the instruction is purely technical. The success which has 
attended the ‘school on the workshop system,”’ as Professor 
Thompson aptly calls it, must not only be extremely grati- 
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fying to all who have the cause of technical education at 
heart, but it must also prove to the attentive observer that, 
being the most natural, it will eventually become the best 
system of all. 

The second type of school includes those in which sys- 
tematic instruction in one or more handicrafts is given to 
boys who are still going on with their elementary instruc- 
tion. There appears to be one school of this sort in 
Paris, which is carried on most successfully as far as it goes, 
only about 12 per cent, however, of the pupils receive manual 
instruction. They work alternately at carpentering, wood- 
turning, forging, filing, chipping, and metal-turning for two 
years ; after which they specialise their work. They also 
receive instruction in modelling and technical drawing, and 
in the summer they visit the neighbouring fa¢tories. On the 
completion of the preliminary two years they are draughted 
off into one of the three special workshops in which model- 
ling and carving, carpentry and wood-work, and iron- and 
metal-work are carried on under the superintendence of 
master-workmen who have made the teaching of their various 
crafts a special study. One of the disadvantages of this 
type of school is, that the instruction given is professedly | 
only preparatory to, and not a substitute for, an ordinary 
apprenticeship. In its favour it must be conceded that it 
shortens the long and useless years of apprenticeship, and 
thus helps the young worker to become a bread-winner. 

The third system is where the school and the workshop 
are placed side by side, so that the hours given to study 
should be co-ordinated with an equal number of hours of 
manual instruction. This type of school Prof. Thompson 
thinks is the apprenticeship school of the future. France affords 
two good examples of this class; one the Paris Municipal 
School of Apprentices, where several distinct trades are taught; 
and the Besancon Municipal School of Horology, where clock | 
and watch making alone are taught. Taking the Paris 
school first, we find that the apprentices are only ad- 
mitted between the ages of 13 and 16. They must also 
have a certificate showing that they have completed their 
elementary education, or else undergo an examination. In 
comparison with schools of the second type a larger 
amount of time is devoted to the workshops, which are here 
much more extensive and complete. The course is a three 
years’ initiation into the handicraft taught, and the majority 
of the pupils leave the school able workmen. The trades in 
which direct instruction is given are those of the carpenter, 
wood-turner, pattern-maker, smith, fitter, and metal-burner. 
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That the school turns out excellent workers may be judged 
from the fact that the average age of the pupils who left 
the school in 1877 was 17} years, and their average earnings 
in the places they had obtained was 3s. 13d. per day, one 
boy of 17 getting as much as 5s. 43d. per day as a smith. 
The instruction is entirely gratuitous, and the whole of the 
necessary tools, machines, books, &c., are supplied by 
the Municipality. The system pursued in this school 
appears to be of the very highest order, and_ should 
serve as a model for all future schools of the kind. The 
Besancon School of Horology is managed on similar prin- 
ciples, and is a striking success. The school is managed 
and supported entirely by the Besancon Municipality. In 
addition to instruction in every branch of horology, the ap- 
prentices receive lessons in their own language, arithmetic, 
algebra, geometry, physics, chemistry, mechanics, and 
drawing, in so far as they relate to horology. 

The only system remaining for consideration is that of 
half-time schools; the system has, however, been almost 
discarded in this country, and has only been partially tried 
in France. One radical defect in it is, that there is no 
correlation between the work done in the factory and the 
information imparted by the schoolmaster ; the whole of the 
pupils, whether they are intended to be mechanics, dyers, or 
printers, all receive the same kind and quantity of instruction. 

So much for the good work that is being done in France, 
which of all European nations is certainly in the van with 
regard to lower technical education. 

In September last Prof. Thompson visited Germany in 
compliance with the advice of Mr. Mundella, who, in criti- 
cising his paper at the British Association, placed the 
German technical schools above the French. Prof. Thomp- 
son paid visits to the Polytechnicum and Weaving Schools 
at Chemnitz, these being the special establishments pointed 
out by Mr. Mundella, and found, as he expected, that al- 
though the higher technical training schools in Germany 
were superior to those elsewhere, they could show nothing 
in any way equal to the Paris Municipal Apprentice School 
described above. 

Prof. Thompson’s investigations have been so thorough, 
and lead to such practical conclusions, that they should 
receive the serious consideration of those whose business it 
will be to organise either national or local systems of technical 
education. 

The movement of the City Companies has resulted in the 
setting aside annually of £15,000 for the promotion of tech- 
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nical education, and there has been duly constituted “‘ The 
City and Guilds of London Institute for the Establishment 
of Evening Classes for Technical Education, or the Appli- 
cation of Science to Industry.” Twelve lectures on ‘‘ Some 
of the Praétical Applications of Electricity and Magnetism,” 
by Mr. W. E. Ayrton, A.M., Inst. C.E., and twelve lectures 
on “The First Principles of Chemistry,” by Prof. H. E. 
Armstrong, Ph.D., F.R.S., are now in course of delivery. 
Subsequent courses of leétures on “‘ The Elementary Prin- 
ciples of Mechanics exemplified in our Clocks and Watckes,” 
on ‘ The Applications of the Laws of Heat to the Steam 
and other Engines, and on “Inorganic Chemistry with 
especial reference to its Technical Applications,” have 
already been arranged. 

We trust this example will be followed in our large manu- 
facturing towns, and that when the best system of imparting 
technical education has been determined, no red-tapeism will 
hinder it from being speedily and universally adopted. 
England will then soon regain her former position. Even 
the Japanese have, as Mr. Ayrton remarks, set us an example 
that our ambition should lead us to emulate. There has 
grown up, in the very midst of a people who a few years ago 
were almost in a state of slavery, a technical college, with 
its staff of carefully chosen English professors, with its labo- 
ratories, class-rooms, museums, libraries, and workshops, 
costing for maintenance an annual sum of £12,000. To 
study at this college neither money nor position is necessary ; 
ability and a desire for knowledge are the only qualifications. 








IV. ACCIDENTS RESULTING FROM THE 
HEAT OF THE COMSTOCK MINES. 


ee 
KN the “ Journal of Science ” for March last we gave an 

abstract of a paper on “‘ The Heat of the Comstock 

Mines,” by Prof. John A. Church. The heat in the 
lower levels of these mines appears to surpass in intensity 
that of any other mines in the world. Prof. Church’s 
explanation of the phenomena supposes the existence of a 
cold, and what may be called a burnt out, layer of rocks, 
extending 1000 feet below the surface; a zone of hot rock 
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still in ative decomposition, which has been found to exist 
for a depth of about 1500 feet or more, and doubtless extends 
thousands of feet farther; and, finally, a mass of cold rock 
at a great depth, which has not yet begun to decompose. 
He refers the high temperature not to the internal heat of 
the earth, nor to the residual heat of the rocks, which were 
once melted, but to chemical action now maintained in the 
erupted rocks. This aétion is not a combustion, but the 
chemical alteration of the felspathic minerals of the propy- 
lite and other rocks, the peculiar bands of hot and cold 
rocks which Prof. Church describes, being layers of rock in 
which decomposition has been delayed and hastened. 

Prof. G. F. Barker, who has also visited the mines, con- 
cludes,* on the other hand, that the heat is a hot-water heat, 
and that the waters are heated mechanically by those continu- 
ous movements of the country so plainly shown both in the 
mines and at the surface. But Prof. Church replies that al- 
though the Comstock discharges four and a half million tons 
of water yearly, not 1000 feet out of the 12 miles of linear 
excavation made every year are in ordinarily wet ground. 

The objet of this present article is not, however, to dis- 
cuss the cause of the heat of the Comstock Mines, but to 
draw attention to the large percentage of accidents resulting 
from this intense heat. At a recent meeting of the American 
Institute of Mining Engineers, Prof. Church reviewed, at 
considerable length, these accidents and their relation to 
deep mining. From the report in the “ Scientific American ” 
we learn that during the twenty-two months preceding May, 
1879, there were ror accidents, killing 53 persons and 
wounding 7o others. These accidents are classified as 
follows :—(1) Falls of rock, timber, &c.; (2) Tramming ; 
(3) Effeéts of heat; (4) Falls of men; (5) Explosions ; 
(6) Hoisting apparatus ; (7) Overwinding ; (8) Miscellaneous. 

In several instances miners have been fatally scalded by 
falling into the hot mine waters, which exhibit temperatures 
rising to 158° F. The most remarkable casualties, however, 
are due to the killing effect of labour in the hot and 
steaming atmosphere. The proportion of fatal casualties 
is larger in this class than in any other, being 73 per cent; 
and from the peculiar mental effects of the heat it is highly 
probable that it may be the real cause of many mishaps, 
which under other circumstances would be ascribed to cul- 


pable blundering. 
On the 1900 level of the Gould and Curry mine a drift 


* See Letter by G. F. Lesuey in Nature, vol. xx., p. 168. 
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was run along and quite near to the black dike, one of the § 


hot spots of the mine. At a spot where the thermometer 
marked at times 128° F., Thomas Brown fainted while at 


work. When taken to the surface and revived he was found ' 


to have completely lost his memory. He could not tell his 
name or where he lived, and had to be dressed and taken 
home by his friends. The newspaper which recorded the 
occurrence said that such sudden loss of memory from over- 
heating was quite common in the mines, and suggested that 
the fact might furnish an explanation of the walking off into 
fatal winzes and chutes by experienced miners, seemingly 
with deliberate intention. 

A frequent accident in these mines is fainting in the shaft 
while the cage is rising to the surface. The faintness is 
always felt immediately upon reaching the cooler air, 100 or 
150 feet from the surface, where there is usually a side 
draught through some adit. This happens so often that a 
man who has been working in a hot drift is never allowed 
to go up alone. Long habitude to the heat is no safeguard 
against this danger, and serious accidents have occurred in 
this way. 

Among minor casualties, Mr. Church mentions one which 
happened to Mr. Sutro, in the Sutro Tunnel, before it made 
a connection with the Savage mine. After spending some 
time in an air temperature of 110° F., Mr. Sutro went to 


the air-pipe to cool off. He stayed so long that the miners F 


told him to get away from the pipe and let them have air. 
He did not move, and when they tried to stir him up with 
the handles of their shovels they found him unable to 


< 


move. He had lost all volition, and had to be taken out on § 


a car. 
The graver results of overheating include insanity and 


death. The death of a carman on the 1400 level of the ! 


Caledonia mine, Gold Hill, March 11, 1878, is a case in 
point. He had been idle for six months, and that morning 
he was working his first shift. At an early hour he rushed 
into the station of the 1400 level, and reported that the 
wheels of his car were smashed. The _ station-master 
returned with him to his car, and found it all right. There 
was evidently something wrong with the man, and he was 
. taken to a cooling place. Here decided mental aberration 
was discovered, and the man, firmly lashed to the cage, 
was hoisted to the surface, where he fainted at once and 
died in a few minutes. In this case the heat was only 


about go° F. ; ; 
In another case a miner died from cramps, attributed to 
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heat, but which may have been due to drinking ice-water ; 
and another death is charged to a cold taken while cooling 
off after being partially overcome with heat. Though con- 
trary to the rules of outside hygiene, the miners resort to 
copious draughts of ice-water or to exposure to strong cold 
air currents for recovery from overheating, and usually with 
impunity. The cold air cooling is considered the safer 
method ; but to gain time Mr. Church commonly chose the 
ice-water, and never felt any ill effects from it. With seve- 
ral thousand cases a day of rapid cooling off by one or the 
other of these methods, it is surprising that fatal conse- 
quences have been so infrequent. 

The next case illustrates the violent effects which ex- 
cessive heat may have upon a person not accustomed to it : 
— On Friday, OCtober 11th, 1878, John McCauley went to 
work for the first time in the Imperial Mine. He was cau- 
tioned against over-exerting himself in the extreme heat of 
the lower levels. He replied that he thought he was strong 
enough to stand anything, and paid no attention to the 
advice. At half-past two in the afternoon he was brought 
to the surface in an unconscious state, and died the next 
morning at half-past ten o’clock.” 

Two other cases very similar to this have occurred in the 
Imperial within a few years. This mine is excavated in one 
of the hot spots of the Comstock. 

The hot drift on the 1900 level of the Gould and Curry is 
the scene of the most serious of these casualties due to 
heat. Five men were sent there in June, 1878, to load a 
donkey-pump on acar. The work was so exhausting that 
when the pump caught on a plank they were not able to 
move it. They seem to have been in a state of mental con- 
fusion, but felt that they could not remain longer. Starting 
up a winze which connects with the 1700 level one man fell 
on the way, and the others were afraid to stop to help him, 
but pressed on, reaching the 1700 level in half an hour 
from the time they left it. They were very confused and 
nearly speechless, and hardly realised what had occurred. 
Three men went down to the rescue, and found the fallen 
man still alive. Clearing the pump they got into the car 
and signalled to hoist, but on the way up the winze the man 
they had gone to rescue reeled and fell off. The car was 
stopped at once, but he was jammed between it and the 
brattice so fast that the others left him and went for help. 
They all gave out, two half-way up, and the other just as he 
reached the 1700 level, where a friendly hand pulled him 
up. A new rescue party went down and found two men 
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dead, and the third died soon after. The shift boss reports § 
that ‘‘ the accident was due solely to the heat, as the air is 
good enough and pure enough, barring the heat.” The 
winze was not an abandoned one, but in daily use. A heavy 
volume of steam is reported to rise through it from the 
1900 level, the temperature of which, at the time of this 
accident, is given at 128° F. Mr. Church gathers from the 
detailed account that the death of the men is possibly 
attributable to the fact that when the miner fell off the car 
the latter was stopped in a place that was hotter than the 
rest of the winze. 

It is to be regretted that no adequate studies have been 
made upon the precise physiological phenomena presented 
by death under these circumstances. The legal require- 
ments are satisfied when it is proved that the casualties are 


due to heat. 








V. ARE THE CHEMICAL ELEMENTS 
SIMPLE BODIES? 


“HE researches which have been made in the various 
i branches of physical science during the last few years 
have many of them been of unusual importance. 
Some—the telephone and microphone, for instance—have 
already resulted in the invention of instruments of great 
practical utility, while others have opened up new fields for 
research, and bid fair to effect a complete reversal of the 
generally-accepted notions concerning Matter. As Prof. 
W. B. Rogers remarked, in his Presidential Address at the 
1879 Meeting of the New York Academy of Sciences—“ In 
all branches of discovery we seem to be catching the clews 
of far-reaching thought that stretch out where as yet no 
man’s foot has trodden. The recent developments in 
Chemistry, through the agency of the spectroscope, and the 
effects of heat in dissociation, have suggested, if they have 
not proved, that a number of the substances hitherto re- 
garded as elements are hereafter to be regarded as compound. 
The investigation of the laws of chemical action following 
out the suggestions made at the beginning of the century by 
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the great chemist Berthollet, in regard to the influence of 
man on chemical reaction, seems to promise most important 
discoveries in chemical statics and the possibility of applying 
mathematical reasoning and formule to chemical activities. 
The marvellous series of experiments presented recently by 
Crookes, in which have been exhibited the wholly unexpected 
phenomena which he has described under the designation of 
what was first referred to by Faraday as a fourth form of 
matter, which this illustrious experimentalist called radiant 
matter, seemed to open up a field of research and specula- 
tion until now wholly undreamed of. In truth, the active 
scientific workers have now been brought by their refined 
and novel researches to touch the near extremities of innu- 
merable lines of thought and investigation, stretching out 
into unknown regions, whose exploration is to occupy the 
activity and reward the labours of a coming generation.” 

In discussing the question whether or not the study 
of the spectrum has thrown, or is likely to throw, 
any light on the ultimate constitution of matter, Dr. 
Balfour Stewart* recently referred to the fact that Prout 
first pointed out that the atomic weights of the so- 
called elements are very nearly all multiples of the half of 
that of hydrogen, so that the various elements may possibly 
be looked upon as formed by a grouping together of certain 
atoms of half the mass of the hydrogen atom. A most re- 
markable series of experiments was conducted by M. Stas 
to test this doftrine. He came to the conclusion that the 
atomic weights of the various elements were not precisely 
multiples of the half of that of hydrogen, there being 
greater differences than could possibly be accounted for by 
errors of experiment. But Dr. Stewart, calling attention 
to the great difficulty of obtaining substances absolutely free 
from all impurity, does not admit that Stas’s researches 
settled the point in the negative, and points to the spectrum 
as a likely means of throwing some light on the question. 
Now Mr. Lockyer’s researches tend to show that at suffi- 
ciently high temperatures the so-called chemical elements, 
or at all events some of them, are compound bodies. These 
researches were not undertaken with the view of decom- 
posing the elements. Mr. Lockyer was preparing a map of 
the solar spectrum on a large scale, and the work included 
a comparison of the Fraiinhofer lines with those visible in 
the spectrum of the vapour of each of the metallic elements 

* Nature. ‘‘On some Points in the History of Spe&rum Analysis: an 
Address to the Natural Philosophy Classes at Owens College, Manchester, 
November, 1879.” 
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in the electric arc. (The complete spectrum of the sun, on 
the scale of the working map, will be half a furlong long: 
in mapping the metallic lines and purifying the spectra 
more than 100,000 observations were made, and about 
2000 photographs taken.) The final discussion of the com- 
plete photographs of the spectra of the metallic elements 
compared with the spectrum of the sun led to the results 
which are exciting so much interest at the present time. 

There are certain lines in the spectra of each element 
which appear long and thick; and it has been found that 
while such a line, for instance, is exceedingly prominent in 
some one element, other elements appear to possess it, only 
not nearly so prominently. Mr. Lockyer argued from this, 
that on the assumption that the elements are truly ele- 
mentary, the line in the other elements was caused by traces 
of impurity. He has, however, found that there are coin- 
cidences in the lines of metallic spectra of two perfectly 
distinct kinds. There are coincidences of lines which are 
not the prominent lines of any one spectrum, and they give 
no signs of that variability of brightness that might be 
expected to characterise lines due to impurities ; these lines 
he has called basic lines. In Mr. Lockyer’s own words, 
‘‘ The temperature of the sun and the eletric arc is high 
enough to dissociate some of the so-called chemical elements, 
and give us a glimpse of the spectra of their bases, just as 
in the case of the various salts of calcium there is a tem- 
perature which just allows us to get a glimpse of a line 
indicating the metal calcium common to them all.” 

To determine whether these basic lines varied in their 
behaviour from other lines of spectra taken at random, Mr. 
Lockyer had recourse to the spectrum of sun-spots. The 
sun is surrounded by an enormous atmosphere which is 
supposed to contain the vapours of such metals as iron and 
magnesium; but whether this be so or not, Mr. Lockyer 
argued that the atmosphere would certainly be hotter at 
bottom—nearer the photosphere—than higher up, and that 
the spectrum of the atmosphere close to the photosphere 
would differ from that of any higher region, and therefore 
from the general spectrum of the sun. In observing the 
spectrum of a sun-spot, or a prominence, the spectrum of 
an isolated mass of vapours in the hottest region open to 
inquiry can be determined, and Mr. Lockyer found that this 
spectrum differed greatly from the general spectrum of the 
sun. The whole character of the spectrum of iron, for in- 
stance, is changed when we pass from the iron lines seen 
among the Fraiinhofer lines to those seen among the spot 















1879.] Simple Bodies ? 803 


and storm-lines. As therefore the spectra of spots and pro- 
minences are from the hottest region of the sun, Mr. Lockyer 
employed them for testing these basic lines. The result 
has led him to conclude that their appearance in two or 
more spectra is dependent solely upon high temperature. 
The basic lines are more prominent in the spectra of spots 
than in the spectrum of the sun; they are, moreover, more 
prominent at epochs of sun-spot maximum than during 
times of minimum. The statement, then, that the spetrum 
of each element consists only of lines special to that clement, 
is found to be insufficient when the highest temperatures 
and the greatest dispersions are employed. 

A clearer conception of what is meant by the so-called 
elements being split up at a very high temperature will be 
gathered from the following illustration, given by Dr. Bal- 
four Stewart :—‘‘ If we apply a very powerful source of 
eleCtricity, we obtain certain peculiar lines from the vapour 
of calcium. Now if we could catch hold of and segregate 
—put into a box, as it were—all these minute entities that 
give us this suspicious line at a high temperature, and, fur- 
ther, if we could keep their high temperature up, I think it 
is probable that we might obtain something which is not 
calcium, or, at any rate, something simpler than the mole- 
cule of calcium as this appears at lower temperatures. But 
we are not yet able, and perhaps we may never be able, at 
an ordinary temperature, to present the chemist with 
some other substance derived from calcium, which is not 
calcium.” 

Much, of course, remains to be done before Mr. Lockyer’s 
views will be universally accepted. The indecomposable 
character of the bodies which we have hitherto considered 
elementary has for a long time been considered doubtful. 
Mr. Lockyer, however, is the first to come boldly forward 
with experimental proof. What the final result of the dis- 
covery will be we cannot foretell. A physical problem, 
as Dr. Stewart says, begins like a rivulet. At its first 
introduction it is small and seemingly unimportant ; 
constantly, however, as it winds along it receives accessions 
from various quarters, until at length it becomes a mighty 
river that is finally merged in the unfathomable ocean. 
This course is followed by all such problems. Each begins 
small, grows broader, and will finally bear us on to the 
unknown if we trust ourselves to its guidance. 
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VI. DARWINISM AND ARTICULATE SPEECH. 


roth November, 1879, M. Larrey referred to a work 

written by Dr. Frederic Bateman, of Norwich, on 
the subject of Darwinism. In the course of his remarks M. 
Larrey said that Dr. Bateman combats Mr. Darwin’s asser- 
tion that a difference between man and animals is only one of 
degree, and not of kind. He has transferred the subject of 
Evolution to the domain of Psychology, being convinced 
that hitherto naturalists have concentrated their attention 
too exclusively on the analogies between the body of man 
and that of animals, or, in other words, on the purely phy- 
sical, anatomical, and material charaCteristics, neglecting 
the study of the intellectual and metaphysical attributes, 
which constitute an essential difference between man and 
animals. 

Whilst admitting that man, in his purely physical nature, 
is closely allied to certain animals, Dr. Bateman repudiates en- 
tirely the conclusion drawn from that analogy by Mr. Darwin ; 
for supposing the resemblance of man to an animal bone for 
bone, nerve for nerve, muscle for muscle, to be proved, what are 
we to conclude from it if it is also demonstrated that man 
possesses a distinctive attribute the least trace of which is 
not found in a brute, an attribute which establishes a gulf 
between the two? The author affirms that such a dis- 
tinCtive attribute exists in articulate speech. He examines 
first the doctrine of Darwinism, beginning with an exposi- 
tion of the principles of Evolution as laid down by Haeckel. 
He then asserts that no proof exists of the transmutation 
of species since historic times, and cites the cases of bodies 
embalmed for three thousand years, and of the birds and 
animals carved on the ancient monuments of Egypt. He 
thus confirms what Flourens had already said, viz., ‘“‘ The 
species do not alter nor pass from one to the other ; the species are 
fixed.” 

Dr. Bateman then introduces the study of speech as an 
additional argument against the theory of Evolution, and 
explains his plan of attack on Mr. Darwin by the three 
following propositions ;— 


er the Meeting of the Academy of Sciences, on the 


1. Articulate speech is the distinctive attribute of man, 
whilst the ape and other animals possess no such 
power. 
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2. Articulate speech is a universal attribute of man, and 
all the races have a language or the capacity of 
acquiring one. 

3. The faculty is immaterial. 

Dr. Bateman also discusses and criticises the views of the 

German neologists on Life-matter and Force, ending with 
some remarks on the mysteries of life itself. 








VII. A REMARKABLE WATER AND GAS 
GEYSER. 


Ohio, threw columns of water and gas at intervals 

of ten to twelve hours to heights varying from 50 to 
100 feet. A number of wells in the oil regions have since 
then thrown water geysers, but none have attracted so much 
attention as one situated near Kane. 

The columns are composed of mingled water and gas, the 
latter being readily ignited. After nightfall the spectacle is 
grand. The antagonistic elements of fire and water are so 
promiscuously blended that each seems to be fighting for the 
mastery. At one moment the flame is almost entirely ex- 
tinguished, only to burst forth at the next instant with 
increased energy and greater brilliancy. During sunshine 
the sprays form an artificial rainbow, and in winter the 
columns become encased in huge transparent ice chimneys. 

The cause of the ation is thus explained by Mr. C. A. 
Ashburner, in ‘‘ Stowell’s Petroleum Reporter ” :— 

This well is situated in the valley of Wilson’s Run, near 
the line of the Philadelphia and Erie Railroad, 4 miles 
south-east from Kane. It was drilled by Messrs. Gruhout 
and Taylor, in the spring of 1878, to a total depth of 
2000 feet. No petroleum was found in paying quantities, 
and the casing was drawn and the hole abandoned, since 
which time it has been throwing periodically—every ten to 
fifteen minutes—a column of water and gas to heights 
varying from 100 to 150 feet. 

During the operation of drilling, fresh “ water-veins ” 
were encountered down to a depth of 364 feet, which was 
the limit of the casing. At a depth of 1415 feet a very 
heavy “gas vein” was struck. This gas was permitted a 


is early as 1833 a salt well, drilled in the valley of the 
Yy 
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free escape during the time the drilling was continued to 
2000 feet. 

When the well was abandoned, from failure to find oil, 
and the casing drawn, the fresh water flowed into the well, 
and the conflict between the water and gas commenced, 
rendering the well an object of great interest. The water 
flows into the well on top of the gas, until the pressure of 
the confined gas becomes greater than the weight of the 
superincumbent water, when an explosion takes place, and 
a column of water and gas is thrown to a great height. 
This occurs at present at regular intervals of thirteen 
minutes, and the spouting continues for a minute and a half. 
On July 31st, 1879, Mr. Sheafer (aid, McKean County) 
measured two columns, which went to heights respectively 
of 120 and 128 feet. On the evening of August 2nd Mr. 
Ashburton measured four columns in succession, and the 
water was thrown to the following heights :—108, 132, 120, 
and £38 feet. 








VIII THE TRANSIT OF VENUS IN 1874.* 


sey’s observatory notes :—‘ This record was obtained 

by means of the following agency. My friend, Mr. 
W. H. Cole, M.A., audibly counted seconds, and named the 
minutes as completed, from a large chronometer, before 
which he was comfortably seated, say 6 feet from the equa- 
toreal. Baboo Cally Mohun Ghose, with paper and pencil, 
took up a position by my side; he mentally followed Mr. 
Cole’s counting, and noted down the instant I made a re- 
mark, together with the words I uttered. In the absence of 
remarks, the Baboo noted the number of each complete 
minute as it was declared, a reckoning which was checked 
by inspection of the chronometer and otherwise from time to 
time, so as to render the adoption of a wrong minute pra¢ti- 
cally impossible. Thus all that remained for me to do was 
to look intently through the telescope of the equatoreal and 
declare exa&tly what I beheld. We three individuals were 


ee following is a complete transcript of Mr. Hennes- 


* “ Further Particulars of the Transit of Venus across the Sun, December 
9, 1874; observed on the Himalaya Mountains, Mussoorie, at Mary-Villa 
Station, Lat. 30° 28’ N., Long. 78° 3’ E.; height above sea 6765 feet, with the 
Royal Society’s 5-inch Equatoreal.” By J. B. N. HENNESsEY, F.R.S. Ab- 
stract of Paper read before the Royal Society, November 20, 1879. 
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all enclosed within the canvas walling of an observatory 
tent only 8 feet square, the top of the tent being removed. 
No sound broke the enforced stillness that prevailed ; the 
sky was brilliantly clear, and all cause for anxiety as to 
clouding over, or the driving of the equatoreal, or on any 
other account, was completely absent ; while the events in 
question were plainly seen to progress so gradually and de- 
liberately that there was not the smallest occasion for hurry 
or confusion of any kind, nor did any occur. Unlike a solar 
eclipse, when every second is of the utmost importance, there 
was plenty of time for every purpose. Under these circum- 
stances it was practically impossible that any blunder in 
recording could be committed. 


OBSERVATORY NOTES. 


1874. December. 
A Remarks made by Observer at the time. 





Chronometet Greenwich 
Time. Time. 
dhom s dh. m. 8. Ingress. 

Beautifully clear morning. No haze. 
Eyepiece 125. Two coloured glasses 
giving a neutral or bluish field. Missed 
the first external contact. 

81918 0 814 635  Venus’s edge on sun boils somewhat ; it 
is, however, distinétly visible. 

20 0 8 35 Venus’s outer edge, z.¢., against sky, 
distin@ly visible, because of a narrow 
edging, or ring of light, around some 
30° of that part of it farthest from the 
sun. 

The light ring now extends around the 
whole of that part of Venus’s edge 
against the sky, and is some 3” in 
width; it is brightest where farthest 
from the sun. 

The light ring against sky is well seen, 
and looks undeniably like Venus’s at- 
mosphere; width some 4"; definition 
excellent. 

The light ring against the sky can be 
plainly traced in continuation around 
Venus on the sun, where, however, it 
is made visible chiefly by the move- 
ments occurring in it of minute bright 
specks, and also because it boils. The 
entire ring is full of these minute 
bright specks, which appear and dis- 
appear rapidly, dancing about with 
little flashes. Definition excellent. 

Light ring against sky wider. 

55 a quite distiné&. 
sg - quite bright. 

Transit of Venus’s dark edge across the 
sun's limb, i.¢., first internal contact. 
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1874. December. 
A 





ae 
Chronometer 


22 0 90 


32 0 


8 23 9 O 
11 38 
12 40 


15 8 


‘ 


Greenwich 


8 16 48 36 
17 20 36 


8 17 57 36 
18 oO 14 


I 16 


Remarks made by Observer at the time. 


Ingress. 

Transit, by estimate, of outer edge of 
Venus’s light ring (that was against 
sky) across the sun’s limb. No liga- 
ment or pear-drop seen, though ex- 
pected and carefully watched for. 

Brilliantly clear sky ; light breeze from 
south. 

Spectroscope set up, adjusted, and used. 
Slit placed across Venus’s centre gave 
a black band all along the length of 
solar spectrum. Slit placed tangential 
to Venus’s disk gave a faint, narrow, 
glimmer of light, slightly brighter than 
solar spectrum, instead of black band; 
no displacement of solar lines in 
glimmer. 

Egress. 

Eyepiece as before, 125. Of the two 
coloured glasses used for Ingress, one 
now changed for a red glass; field 
now red and less lighted than at 
Ingress. Definition sharp and excel- 
lent. No boiling visible around sun’s 
limb; some boiling round Venus’s 
lower limb, and still less around upper 
limb. Removed the red glass and 
substituted a blue one, when the boil- 
ing round Venus became quite visible. 
Removed the temporary substitute 
and restored red glass, as before, and 
thus watched the further progress of 
the transit. 

About one-fourth of Venus’s diameter 
from contact. No ligament visible. 
About one-sixth of Venus’s diameter 
from contact. No ligament visible. 
About one-eighth of Venus’s diameter 
from contact. No ligament visible. 
Less than one-twelfth of Venus’s dia- 
meter from contact. No ligament 

visible. 

About one-twentieth of Venus’s diameter 
from contact. No ligament visible. 

Second internal contact. 

Light ring now visible around Venus’s 
limb against sky. 

No boiling around Venus’s or sun’s limb. 

Venus’s limb against sky only faintly 
seen. 

Light ring has been invisible for some 
time ; was seen for only a short time 
after second internal contact. 

Second external contaét. No ligament 
visible thereafter or at any time before. 


oe ee ee ee a ee ee 
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The following is an excerpt from a letter by the late Rev. 
H. D. James to Mr. Hennessey, who was stationed 19 miles 
from him to the north-west :— 


‘“‘ Chakatra, N.W.P., December 9, 1874. 


“Through your kindness in sending me a diagram of the 
planet’s progress across the sun’s disk I had as satisfaClory 
a view of it as was possible. My son was with me. At 
6.56 we noticed the sunlight on the snowy range. Ten 
minutes and twelve seconds after that we saw the rim of the 
sun rising above the mountain which intervened between us 
and the horizon. We keep an eye on Mussoorie and Lan- 
dour, and thought they had but two minutes’ advance of us 
in seeing the sun. Eighteen minutes and ten seconds after 
our first glimpse of the sunlight Venus began nibbling at the 
rim of the sun. Between this and her entire entrance on to 
the disk was twenty-seven minutes and ten seconds ; that is, 
we saw her external contact at 7°14’ 10”, and her internal 
contact at 7° 41’ 20”. When she was about half-way on, we 
both noticed a fringe of white light illuminating that rim of 
the planet which was yet on the dark sky. When she went 
off we noticed the same fringe of light, but for a much 
shorter time, and when only about one-eighth of her had 
passed the sun’s disk. The internal contact for departure 
took place at 11° 30’ 15”, and the external at 11° 57’ 25, as 
near as it was possible to say, for there was a sort of 
flickering, which rendered it difficult to fix on the precise 
moment of contact. 

“The spots on the sun were but insignificant, in mag- 
nitude about the same as yesterday, though in position very 
different.” 
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NOTICES OF BOOKS. 


A Handbook of Double Stars, with a Catalogue of twelve hundred 
Double Stars and extensive Lists of Measures. With Addi- 
tional Notes, ‘bringing the Measures up to 1879. For the 
use of Amateurs. By Epwarp Cross.ey, F.R.A.S., JosePH 
GLEDHILL, F.R.A.S., and JAMEs M. WIxson, M.A., F.R.A.S. 
London: Macmillan and Co. 1879. 


Ir is said that one-fourth of the stars are multiple stars, and yet 
their study dates only from the time when the telescope was first 
used in astronomical research. Thousands of observations have 
since been made, and much has been written on the subject. 
There is, however, no convenient handbook for the guidance of 
students of sidereal astronomy. The present work is written in 
order that future students may know what stars are of especial 
interest, at what time observations are especially needful, and 
what stars have been so frequently and satisfactorily measured 
that for the present day they need no attention. 

The book is divided into four parts. The first part is historical, 
and descriptive of instruments and methods ; the second is ma- 
thematical; the third contains lists of measures of the most 
interesting double and multiple stars, with historical notes on 
those which are of special interest; the fourth part is biblio- 
graphical. 

Part I., Chapter II., contains an excellent description of the 
Equatorial; the Clock, its construction and adjustments; the 
Observing Chair ; and of the best form of Observatory. Chap. 
ter III. gives an account of the Equatorials which have been 
used by double-star observers. Chapter IV. is on the Micro- 
meter ; and Chapter V. describes the methods of observing, &c. 

The first and second chapters of the second part give a detailed 
account, with a fully worked example, of determining an orbit 
and an ephemeris by a purely graphical construction founded on 
Herschel’s and Thiele’s methods. An example of the application 
of analysis to a double-star orbit already approximately known by 
graphical methods is given in Chapter IV. Chapter V. is on the 
effects of proper motion and parallactic motion ; and Chapter VI. 
is on the mode of combining observations and determining their 
weight. 

Part III. contains a catalogue of double stars selected as of 
special interest, with a list of all accessible measures. 

The work is illustrated, and is written in such a simple style 
that the most uninitiated student will have little difficulty in mas- 
tering the subject, while it will prove a most valuable work of 
reference to the experienced astronomer, 
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PROCEEDINGS OF SOCIETIES 


ASTRONOMICAL Society, Nov. 19.—Lord Lindsay, President, in 
the chair. 

Prof. Adams read a paper ‘‘ On the Ellipticity of Mars and its 
Effect on the Motion of the Satellites.” He said that Prof. 
Asaph Hall’s observations showed that the orbits of both satel- 
lites are inclined at small angles to the plane of the planet’s 
equator. It became an interesting question to enquire whether 
this state of things is a permanent one. Mr. Marth had recently 
investigated the motion of the nodes of the orbits of the satellites 
on the orbit of the planet, which will be due to the disturbing 
action of the Sun, and he came to the conclusion that, if there 
is no force depending on the internal structure of Mars which 
modifies the Sun’s action, the nodes of the orbits will be in 
opposition to each other a thousand years hence. But Prof. 
Adams argued that this motion would be materially affected by 
the disturbing force due to the ellipticity of the planet, which 
would cause the nodes of the satellites to retrograde on the 
plane of the planet’s equator. The ellipticity of Mars is too 
small to be observed, but the motion of the nodes will probably 
afford a means of determining the ellipticity of the planet within 
very definite limits. 

Mr. Stone read a paper ‘‘ On the Evidence of a Past Connec- 
tion between four widely separated Southern Stars, viz., € Tou- 
cani, « Eridani, {' Reticuli, and ¢? Reticuli.” 

Mr. Christie read a paper by Prof. C. J. Draper ‘‘ On a Photo- 
graph of the Solar Spectrum, showing dark lines coincident with 
oxygen lines. 

Mr. De La Rue gave an account of a visit to the works of 
Messrs. Repsold, Hamburg, and described a conical pendulum 
for the driving-clock of an equatorial which was being made for 
Professor Winnecke, of Strasburg. The principle was similar 
to that of the balance-wheel and spring of a watch, for the elas- 
ticity of the rod of the pendulum was made use of instead of the 
force of gravity to resist the centrifugal force caused by the 
motion of the pendulum. Messrs. Repsold told him that when 
the driving weight of the clock was changed for another fifteen 
times as great, the variation and the rate of rotation only 


amounted to 0°04 per cent. Paes 
Dr. Schuster read a paper “On the Polarisation of the Co- 


rona.” 

The President said he had obtained an observation of Deimos 
at Dunecht. Mr. Christie also obtained observations of Deimos 
at Greenwich, made on the 4th and 18th of October. 


3F2 
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Mr. Common stated that he had on five nights obtained obser- 
vations and measures of both the satellites of Mars with his 
37-inch reflector. 

Capt. Noble showed two sketches of the planet Jupiter, show- 
ing the great elliptical red marking in the southern hemisphere 
of the planet. 


CHEMICAL Society, Nov. 20.—Dr. Gilbert, F.R.S., in the 
chair. 

“A Chemical Study of Vegetable Albinism (Part II., Respira- 
tion and Transpiration of Albino Foliage),” by A. H. Church, 
M.A. The author has proved that white foliage does not 
possess the power, even in sunshine, of decomposing the carbon 
dioxide of the air, but adds largely to the normal amount of that 
gas in the air, thus resembling the petals of flowers and the 
action of green leaves during darkness. The best results were 
obtained with the maple (Acer negundo), the holly, the ivy, and 
the Alocasia macrorhiza. ‘The author has also studied the com- 
parative loss and gain of albino and green foliage. White holly 
sprays placed in water gained, in two hours, 0°29 per cent ; green 
holly, under similar conditions, gained 1°55 per cent. When no 
water was supplied the white holly lost 0°54 per cent; the green, 
10°26 per cent. The author promises further work on this in- 
teresting subject. He exhibited some dry specimens of albino 
and ordinary leaves, the albino leaves being thinner and alto- 
gether much less substantial in their structure. 


. GEotocicaL Society.—The first meeting of the present 
Session was held on November 5th; the President, Mr. H. C. 
Sorby, F.R.S., presiding. 

The papers read included one by Robert Mallet, F.R.S., “ On 
the Probable Temperature of the Primordial Ocean of our Globe.” 
According to the latest hypotheses as to the quantity of water on 
the globe, its pressure, if evenly distributed, would be equal to a 
barometric pressure of 204°74 atmospheres. Accordingly water, 
when first it began to condense on the surface of the globe, would 
condense at a much higher temperature than the present boiling- 
point, under ordinary circumstances. The first drops of water 
formed on the cooling surface of the globe may not impossibly 
have been at the temperature of molten lead. As the water was 
precipitated, condensation of the remaining vapour took place at 
a lower temperature. The primordial atmosphere would be more 
oblate and less penetrable by solar heat than the present, and the 
difference of temperature between polar and equatorial regions 
would be greater; so that, in the later geologic times, ice may 
have formed in the one, while the other was too hot for animal 
or vegetable life. Thus, formerly the ocean would be a more 
powerful disintegrant and solvent of rocks, mineral changes 
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would be more rapid, and meteoric agencies would produce 
greater effects in a given time. 

A discussion ensued, in which the President, Mr. Evans, Prof. 
Prestwich, Dr. Hicks, Prof. Bonney, and Capt. Galton took part. 
In replying, Mr. Mallet said he did not suppose any part of the 
original crust of the globe remained at present visible at the 
surface. Such geological deductions as were made in his paper 
were only illustrative, and might be open to question. The 
epoch at which the phenomena occurred to which his paper re- 
ferred was long anterior to the existence of either animal or 
vegetable life upon our globe. What he affirmed as certain was 
that the method he had indicated, requiring for its data a more 
extended experimental knowledge of the relations between tem- 
perature and pressure in aqueous vapour, and a more exact 
knowledge of the total volume of water now upon our terraqueous 
globe, affords the means of determining the temperature of our 
oceanic water at every period, from that of the primordial ocean 
to our own day. 

A paper “On the Fish-remains found in the Cannel Coal in 
the Middle Coal-measures of the West Riding of Yorkshire, 
with the description of some New Species,” was contributed by 
James W. Davis. The remains described by the author were 
from a bed of Cannel coal about 400 feet from the base of the 
Middle Coal-measures, and were chiefly obtained from this bed 
at the Tingley Colliery. The author described the general geo- 
logical structure of the district. The following are described as 
new forms :—(1) Compsacanthus triangularis, (2) C. major, and 
(3) Ostracacanthus dilatatus, the type of a new genus resembling 
Byssacanthus, Agass. 

Prof. R. Owen, C.B., F.R.S., read a paper “‘On the Skull of 
Argillornis longipennis, Owen,” in which he described a frag- 
mentary cranium from the London Clay of Sheppey, from which 
it was procured by W. H. Shrubsole, Esq. 





INSTITUTION OF CiviIL ENGINEERS.—At the second meeting of 
the Session, held on the 18th of November, Mr. W. H. Barlow, 
F.R.S., Vice-President, in the chair, the paper read was on 
“Tunnel Outlets from Storage Reservoirs,” by Mr. C. J. Wood, 
M. Inst. C.E. The subject was divided into the consideration 
of culverts in a direct line through an embankment, and tunnels 
round the end of the embankment as a distin¢ét work. The 
author advocated the tunnel clear of the embankment, and valve- 
towers of masonry and iron, as the best and safest, if more 
costly, plan. The paper contained some remarks on the works 
for the supply of water to Bradford, Yorkshire, which was ob- 
tained from three districts. A High Level Supply was taken 
from the hills above Oxenhope; an Intermediate Supply from 
Manywell Springs, and a Low Level Supply from Skipton dis- 
trit. The high-level reservoirs afforded instances of tunnel 
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outlets. The Stubden Reservoir had been a cause of anxiety, 
the original culvert of masonry proving leaky. It had been 
abandoned in favour of a tunnel lined with cast-iron plates 
backed with concrete, terminating in a cast-iron valve-tower, 
erected from the design and under the superintendence of Mr. 
A. R. Binnie, M. Inst. C.E. The embankment was cut down, 
the original culvert taken out, and the embankment was then 
made up solid in thin layers, the new tunnel being used to run 
water off during the reconstruction of the work. No leakage of 
any description had since been noticed, the valve-tower and tun- 
nel being water-tight. The Leeming Compensation Reservoir 
for mill-owners had been originally made with a circular culvert 
having a slip joint and iron shield where it crossed the puddle- 
trench. This culvert was seriously fractured by the subsidence 
of the bank, which was mostly on a clay foundation, and it was 
considered unsafe to fill the reservoir. On the suggestion of 
Mr. Rawlinson, C.B., M. Inst. C.E., and of Mr. Binnie, on the 
latter taking charge of the Bradford Corporation Water-Works, 
the old culvert was abandoned, and a new tunnel was substituted, 
similar to the one at Stubden. The original culvert was after- 
wards filled on the inside with concrete, and the reservoir was 
successfully filled with water, no leakage or disturbance having 
occurred up to the present time. In the case of the Leeshaw 
Reservoir, which was in course of construction, on Mr. Rawlin- 
son’s inspection it was resolved to abandon the culvert already 
cracked, and to substitute a tunnel outlet and valve-tower of 
cast-iron, similar to those at Leeming and Stubden: this had 
been successfully done, the reservoir filled, and the work had 
since proved most satisfactory. In two of the above cases the 
culverts were so damaged as to be a strong argument in favour 
of tunnel outlets distinct from the embankment. 


PuysicaL Society.—The first meeting of this Society for the 
Session 1879-80 was held on Saturday, November 8th, Prof. W. 
G. Adams in the chair. 

The first paper read was “On an Analogy between the Con- 
ductivity for Heat and the Induction Balance Effect of Copper-tin 
Alloys,” by W. Chandler Roberts, F.R.S. Mr. Roberts traced a 
remarkable resemblance between a curve representing the induc- 
tion balance effect of the copper-tin alloys published by him in 
June last, and the curve of Calvert and Johnston for the con- 
ductivity of heat, and, on the other hand, he showed that the 
induction curve does not agree with Matthiessen’s curve for the 
electric conductivity of the same alloys. In the course of his 
paper Mr. Roberts expressed a hope that Prof. Hughes’s beauti- 
ful instrument will enable us to determine whether the relation 
between conductivity for heat and electricity is really as exact as 
it has hitherto been supposed to be. 
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Capt. Armstrong exhibited a standard Daniell cell formed of a 
porcelain vessel with a porous partition dividing it into two com- 
partments. In one the zinc plate was immersed in a solution of 
sulphate of zinc; in the other the copper plate ina solution of 
sulphate of copper. To use the cell as a standard, it was only 
necessary to connect the two liquids by a cotton string moistened 
with water. This arrangement prevented mixing of the liquids, 
as the string could be withdrawn after use. The resistance was 
high, but it was a constant standard of electromotive force. 

Prof. Guthrie mentioned that Prof. Pirani, of Melbourne, in a 
letter to him, had signalled the fact that when a dilute acid was 
being electrolysed, the positive electrode, if made of iron, be- 
came incandescent below the surface of the liquid. Prof. Guthrie 
had found this to be true not only for iron, but for other metals, 
and that it could hardly be due to oxidation, because it took 
place not only at the cathode or positive electrode, where oxygen 
was evolved, but also at the anode, where hydrogen was evolved. 
The incandescence appeared to him to be due rather to resist- 
ance. The author exhibited his experimental results, which he 
did not doubt had already been obtained by Prof. Pirani himself. 
The positive electrode when immersed in the electrolyte was 
seen to get red-hot and to wobble about. As the liquid heated 
the red glow became fainter. The negative electrode, on the 
other hand, emitted a bright light, accompanied by a sputtering 
noise. The light was tinged with the characteristic colour of 
thc flame of the metal of which it was composed; in the case of 
a copper electrode, for example, it was greenish. These effects 
were shown by Prof. Guthrie with iron, copper, and platinum 
electrodes, in dilute sulphuric and dilute nitric acids. 


November 22, 1879.—Prof. W. G. Adams in the chair. 

Prof. Guthrie exhibited a new Image Retention Photometer, 
and demonstrated its action to the meeting. 

Dr. Shettle, of Reading, read a paper on the “ Influence of 
Heat upon certain forms of Induction Coils, considered more 
especially in relation to the Inductive Power which the Blood 
exercises on the Various Structures of the Body. The author 
found that when a copper and a zinc wire were insulated from 
each other by parchment-paper and paraffined silk, and wound 
in close proximity to each other, an (induced) current was indi- 
cated on a galvanometer whose terminals were connected to the 
neighbouring ends of the zinc and copper wires respectively, the 
other ends being left free. When the latter were connected 
across the deflection was nil. On raising the temperature of the 
two wires, by causing hot water to flow inside the coil into which 
they were wound, the deflection was largely increased. These 
experiments led Dr. Shettle to imagine that there is a similar 
action in the animal body. The heart is made up of nerves and 
muscular fibres winding spirally, and some of these wind round 
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each other so as to form a spiral cord, round which the blood 
capillaries also wind. Dr. Shettle compares these nerve and 
muscle bundles to the coils of zinc and copper wire in his expe. § 
riments, and infers that electric currents may be induced in them 
as in the wires. The flow of the warm magnetic blood would 
also tend to produce currents in them. Dr. Shettle, further, 
drew attention to the fact that animals live and move in a mag. 
netic field, and that electricity must be generated in them by 
their movements, internal and external. 

Mr. Emmott exhibited Crossley’s Form of Microphone, which 
consists of four short rods of carbon jointed loosely into four 
blocks of carbon, so as to form a square. It is used as a trans. 
mitter for telephones, and Mr. Crossley regularly transmits the 
services of a church with it to several hearers. Its speaking, 
singing, and whistling powers were successfully demonstrated to 
the meeting. 


Royat Society, Nov. 20.—Dr. Spottiswoode, President, in 
the chair. 

‘‘ Experimental Researches on the Electric Discharge with 
the Chloride of Silver Battery,” by Warren De La Rue, M.A., 
D.C.L., F.R.S., and Hugo W. Miiller, Ph.D., F.R.S., Part III. 
In the first part of this paper the authors describe a series of 
experiments to determine the potential necessary to produce a 
discharge in a tube, exhausted gradually more and more while 
using a constant number of cells in all the experiments. The 
tube employed was 33 inches long and 2 inches in diameter, 
the distance between the ring and straight wire terminals being 
29°75 inches; the battery consisted of 11,000 cells. The next 
part of the paper deals with the potential necessary to produce a 
discharge between discs 1°5 inch in diameter, at a constant dis- 
tance and at various pressures; the remainder being chiefly 
occupied with the study of the phenomena of the eleétric arc 
under various conditions of distance, pressure, and potential. 
The experiments were made in a bell-jar, containing the ter- 
minals, which could be gradually exhausted after having been 
filled with air or other gas. A remarkable phenomenon was 
observed on making connection between the terminals and the 
battery by means of the discharging key, namely, that within 
certain limits of pressure in the bell-jar a sudden expansion of 
the gas took place, and that as soon as the connection was 
broken the gas then as suddenly returned nearly, but not quite, 
to its original volume in consequence of a slight increase of tem- 
perature. The effect was exactly like that which would have 
been produced if an empty bladder had been suspended between 
the terminals, and suddenly inflated and as suddenly emptied. 
This is thought to be produced by a projection of the molecules 
by electrification causing them to press outwards against the 
walls of the containing vessel, this pressure being distinct from 
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the motion caused by heat. ‘The appearances presented by the 
arc in air, hydrogen, and carbonic acid are very beautiful, and 
are copiously illustrated by copies, in mezzotint, of photographs 
and drawings. The authors conclude that for all gases there is 
a minimum pressure which offers the least resistance to the 
passage of an electric discharge. After the minimum has been 
reached, the resistance to a discharge rapidly increases as the 
pressure of the medium decreases. That the potential necessary 
to produce a discharge between parallel flat surfaces at a constant 
distance and various pressures, or at a constant pressure and 
various distances, may be represented by hyperbolic curves. 
The resistance of the discharge between parallel flat surfaces 
being as the number of molecules intervening between them. 
That the electric arc and the stratified discharge in vacuum 
tubes are modifications of the same phenomenon. 


« Preliminary Note on Magnetic Circuits in Dynamo- and 
Magneto-Electric Machines,” by Lord Elphinstone and Charles 
W. Vincent, F.R.S.E., F.C.S., F.1.C. The experiments which 
form the subject of this note were made in connection with an in- 
vestigation as to the best form for the construction of a dynamo- 
electric machine, intended to furnish currents of high intensity 
in great quantity. The principles deduced applies equally, how- 
ever, to magneto-electric machines. The authors show that 
electro-magnets do not lose their magnetism, as commonly sup- 
posed, immediately on cessation of the voltaic current, but that 
if the poles are “‘ closed” by approximation of other magnets or 
armatures, the magnetism is retained for an indefinite time. A 
magnet 58lbs. weight could be lifted by its armature, and sparks 
obtained from the ends of the wires of its helix a week after 
magnetisation. The authors have constructed a dynamo-electric 
machine, in which the ‘closed magnetic circuit” is utilised, 
which they propose to describe in a future paper. 


‘‘ Preliminary Report to the Committee on Solar Physics on 
the evidence in favour of the Existence of certain Short Periods 
common to Solar and Terrestrial Phenomena,” by Balfour Stew- 
art, F.R.S., and William Dodgson. In a previous Report to this 
Committee the authors exhibited a method of detecting the un- 
known inequalities of a series of observations, and gave some 
evidence that the temperature-range and the declination-range 
at Kew Observatory are both subject to the same short-period 
inequalities, the particular periods investigated being those 
around twenty-four days. In the present paper they investigate, 
after the method described in their first Report, the following 
ranges :— 

I. Diurnal Ranges of Temperature of Air at—a Kew (al- 
ready given) ; @ Toronto; y Utrecht. 

II. Diurnal Ranges of Magnetic Declination, including Dis- 
turbances at—a Kew; @ Prague. 
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III. Sun-spot Inequalities of the period of twenty-four days, 
as far as this may be obtained from existing records. 

The various results of the present communication are summed 

up as follows :— 

1. The temperature-ranges at Kew, Utrecht, and Toronto ex- 
hibit certain common periods (around twenty-four days). 

. Of the curves embodying those periods that of Kew is most 
like the mean, and that of Toronto least so. 

. Similar phases occur at Toronto eight days before they 
occur at Kew, and occur at Kew one day before they occur 

at Utrecht. 

Correcting for these differences of phase, the individual in- 
equalities of Kew, Utrecht, and Toronto are very like the 
mean of the three, and like each other. 

. Of these the Kew inequalities are most like the mean, and 

the Toronto least so. 

The declination-ranges at Kew and Prague exhibit certain 
common periods which we may regard as the same, or 
very nearly the same, as the meteorological periods above 
indicated. 

. Similar magnetic phases occur at Kew about one day before 

they occur at Prague. 

. Correcting for this difference of phase, the individual ine- 
qualities at Kew and Prague are very like the mean of the 
two, and like each other. 

. There is also a less striking likeness between the various 
magnetical and the corresponding meteorological ine- 
qualities. 

10. Provisional sun-spot records appear to show certain solar 
inequalities very like the magnetic and meteorological 
inequalites in point of period. 

In conclusion, the authors express the hope that steps will be 

taken to ascertain what information exists in the world available 

for these researches, and also to bring such information together 


for the purpose of a further and more complete discussion of the 
laws now indicated. 
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‘©On the Action of Nuclei in producing the Sudden Solidifica- 
tion of Supersaturated Solutions of Glauber’s Salt,” by Charles 
Tomlinson, F.R.S. The author states the general conclusions 
at which he has arrived since resuming the study of this subject 
two years ago. In his former papers a nucleus is defined as a 
body that has a stronger adhesion for the salt, or for the liquid 
of a solution, than subsists between the salt and the liquid. 
it The action of nuclei the author believes to be simply mechanical, 
ie and to be expressed by the familiar word adhesion. 


‘©On the Normal Paraffins,” Part III., by C. Schorlemmer, 
F.R.S. Mr. Schorlemmer is inclined to believe that petroleum 
consists chiefly of an inextricable mixture of isomeric and homo- 
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logous paraffins, in which, however, the normal hydrocarbons 
preponderate. 


“Qn the Solubility of Solids in Gases,” by J. B. Hannay, 
F.R.S.E., F.C.S., and James Hogarth. The authors show the 
phenomenon of a solid with no measurable gaseous pressure, 
dissolving in a gas, and not being affected by the passage of its 
menstruum through the critical point to the liquid state, showing 
it to be a true case of gaseous solution of a solid. 


“The Geometric Mean, in Vital and Social Statistics,” by 
Francis Galton, F.R.S. Mr. Galton’s purpose is to show that 
an assumption which lies at the basis of the well-known law of 
“Frequency of Error” (commonly expressed by the formula 
y=e-"***), is incorrect in many groups of vital and social pheno- 
mena, although that law has been applied to them by statisti- 
cians with partial success and corresponding convenience. Next 
he points out the correct hypothesis upon which a Law of Error 
suitable to these cases ought to be calculated. Mr. Galton also 
communicated a memoir by Mr. Donald McAlister, who, at his 
suggestion, has mathematically investigated the subject. 


RoyaL GEOGRAPHICAL SociEty, Nov. 24.—The Earl of North- 
brook, President, in the chair. 

“ The Arctic Campaign of 1879 in the Barents Sea,” by Capt. 
A. H. Markham, R.N. The year 1879, the author said, would 
always be regarded as a very remarkable one in the annals of 
Arétic exploration, for during the last few months two important 
geographical problems had been successfully solved: The 
Swedish ship Vega, under the leadership of that persevering 
and energetic explorer, Nordenskjold, had completed her voyage 
from the Atlantic to the Pacific, by rounding the northern out- 
skirts of the olé world—a voyage which, even if it should not 
prove important in a commercial sense, would always rank as 
one of the greatest geographical feats of the present century; 
secondly, a small sailing schooner had reached the hitherto 
inaccessible shores of Franz-Josef Land. The vessel which 
accomplished this feat was the Dutch exploring schooner Willem 
Barents. ‘Three hundred years ago the Dutch flag was a for- 
midable rival of the English in the van of Arctic discovery, and 
English discoverers were delighted that Holland had again 
entered the lists and obtained a great success. The importance 
of the achievement of the Willem Barents could not be too 
highly rated, for the achievement tided over the only difficulty 
which, in the opinion of a great many Arctic authorities, pre- 
sented itself with respect to the route for exploration. Early in 
the present year the author accepted an invitation from Sir 
Henry Gore Booth to accompany him on a sporting trip to 
Novaya Zemlya, with the understanding that they should after- 
wards examine the ice in the Barents Sea and other localities, 
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during what he considered to be the navigable season—namely, 
during the month of September. For the cruise he had hired 
the little Norwegian cutter Isbjorn, already rendered historical 
by her exploits under Payer and Count Wilczek. The Isbjérn 
was a vessel of 48 tons burden, 55 feet long, with a beam of 
17 feet. She was built in 1870, and made her first voyage in 
the following year with Weyprecht and Payer. The crew con. 
sisted of a skipper, mate, two harpooners, and five seamen. 
They met the first ice on the fourth of June at a distance of 40 
miles from the part of Novaya Zemlya coast called Goose Land. 
The Matochkin Shar was then impassable, and they therefore 
cruised along the west coast of Novaya Zemlya until they were 
stopped by the ice off Cape Nassau on July 15. They succeeded 
in passing through the Matochkin Shar on July 31, and found 
the Kara Sea full of heavy ice. Returning they met the Dutch 
exploring vessel Willem Barents on August 18. Here Captain 
Markham bore testimony to the great kindness they received 
trom the officers and crew of that vessel. Everything they had 
was placed at their disposal. They then again shaped a course 
northward, along the Novaya Zemlya coast, and this time suc- 
ceeded in passing Cape Nassau, and in reaching Cape Mauri- 
tius—the extreme north-western point of that land—on Septem- 
ber 6. Finally they pushed northward on a meridian midway 
between Novaya Zemlya and Spitzbergen, and on the 12th they 
met the ice in latitude 78° north, and longitude 47° east. They 
pushed on and penetrated through loose streams of ice to 78° 
24', about 80 miles from Franz-Josef Land, and six miles further 
than that attained by the Dutch expedition last year. Captain 
Markham had the honour of first carrying the British flag to the 
northwara of Novaya Zemlya. His conclusion was, looking at 
all the voyages in that direction, that a steamer would have no 
difficulty in reaching the south coast of Franz-Josef Land during 
the last week in August, or during the first two weeks in Sep- 
tember. If a vessel were once able to establish herself in 
winter quarters on the west coast of Zichy Land the results 
would certainly be satisfactory. So long as the land continued 
to trend northward with a western aspect either a ship or a 
sledge would tollow it without great difficulty, even if it went as 
far as the Pole. What was wanted in Arctic exploration was 
perseverance. He trusted that next season a vessel would pro- 
ceed to Franz-Josef Land prepared to winter, and if it had to 
return it should be sent out again the following year, and from 
that starting point attack the work of exploration. With regard 
to the results of the 1879 expedition, although geographical 
knowledge had not been greatly increased, yet the observations 
that had been made with regard to physical geography would 
prove of the utmost value in future explorations. The Franz- 
Josef Land route, in his opinion, was the one that would lead to 
the greatest discoveries in future. The specimens of rocks and 
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fossils brought home were sent to Mr. Etheridge for examina- 
tion, the birds and eggs to Mr. Fielden, while the plants were 
sent to Dr. Hooker and Mr. Oliver. A discussion followed in 
which Count Bylandt, Sir Leopold M‘Clintock, Sir George 
Nares, and Admiral Hamilton took part. 


Paris. 


AcADEMy OF SCIENCES, November 3.—The memoirs presented 
at this meeting included the following :— 


“Result of the Researches made for the purpose of Disco- 
vering the Origin of Re-invasions of Phylloxera.”—M. Faucon. 
—The author contends for the superiority of immersion to 
insecticides. The method he indicates is as follows :—On heavy 
lands, which hold water well, the immersion should be continued 
for 55 consecutive days; on moderately light soil, for 65 days; 
and on very light land, for 75 days. If the immersion is intended 
to destroy the eggs of Phylloxera , it must be carried on without 
the least interruption for go days on medium, and for 120 days 
on light, lands. 

“ A New Stellar Spectroscope.”—M. L. Thollon.—M. Thollon 
has arrived at the conclusion that, in order not to repeat indefi- 
nitely experiments already made, three things are necessary, 
viz. :—(1.) That the place of observation should be as high as 
possible, and in a very favourable climate. (2.) That the greatest 
possible quantity of light should be concentrated on the slit of 
the spectroscope by means of an object-glass or a mirror with a 
broad surface. (3.) That a spectroscope should be used in which 
the loss of light is reduced as much as possible. It is to the 
solution of the latter problem that M. Thollon has specially 
directed his attention. He calculates the loss of light in an 
ordinary spectroscope to at least 57 percent. The instrument 
he has invented contains two compound direct-vision prisms of 
special form, one in the collimator, the other in the telescope 
tube. The larger of the simple (or component) prisms has an 
angle of 100°, and contains a mixture of sulphide of carbon and 
ether. Two rectangular prisms of crown glass, one on either 
side, have faces parallel to each other and to the bisecting line 
of the angle of 100°. With this spectroscope M. Thollon has 
succeeded in economising light, and, to a certain degree, in 
making up for the loss that cannot be avoided. 
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NOTES 


BioLoey. 


THE effects of the bite of the skunk are exciting some discussion. 
In a Monograph of the North-American Mustelide, by Dr. 
Elliot Coues (see “‘ Quarterly Journal of Science,” viii., p. 138), 
we read that a wound from the teeth of this animal, when in its 
normal state of health, rarely fails to bring on hydrophobia. 
The “Forest and Stream” and the ‘“ Medical and Surgical 
Reporter” have more recently taken up the subject. Among the 
authorities they quote is Dr. Cushing, of Trinidad, Colorado, 
who gives it as his opinion that the natural bite of the skunk, 
when not suffering from rabies, never fails to bring on hydro- 
phobia. Dr. W. L. South, who has had great experience in 
Texas and New Mexico, asserts that the bite sooner or later 
results in death. It is curious, however, that no similar cases 
have been recorded in Pennsylvania, where the skunk is very 
common. 


The “ Journal de Pharmacie et de Chimie” for October, 1879, 
contains a paper on the “ Actions of Life without Air; their 
Influence on the Chemical Phenomena of Respiration,” by M. 
Pasteur. The author is led to believe that in the animal economy 
there take place phenomena of the same order as in fermenta- 
tion. Oxygen acts not only by effecting combustions, but gives 
to the cellules an activity whence they derive the power of action 
beyond the influence of free oxygen, in the manner of the 
ferment-cells. Direct combustions are of little importance. 


At a Congress of Naturalists and Physicians, on the 23rd of 
September, Prof. Jager, of Stuttgart, gave a demonstration on 
his method of examining odours (neural analysis) and on the 
odours themselves. The professor also spoke on the influence 
of the temper. Amidst boisterous merriment he appealed to all 
mothers present if children, when in a good humour, did not 
give off a pleasant odour, but a disagreeable one when cross or 
fretful. The lecturer ended amidst hisses. 


MM. J. Macé and W. Nicati, in their researches on colour- 
blindness (described to the Academy of Sciences on Oét. 27th), 
have sought to obtain comparative measurements between the 
quantities of light perceived in the different parts of the spectrum 
by the colour-blind on the one hand, and by the normal eye on 
the other. A red glass which scarcely lessens the vision of the 
normal eye diminishes remarkably that of a red colour-blind eye, 
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MIcROSCoPyY. 


Dr. Pelletan, in the “Journal de Micrographie,” 3me année 
(No. 3, p- 139), complains of the little scientific value of the 
majority of microscopic objects prepared for sale. Prepara- 
tions of diatoms are the most satisfactory as they are the 
easiest to make, and J. D. Maéller’s ‘Typenplatte” is espe- 
cially commended by Dr. Pelletan; certain vegetable prepara- 
tions, sections of dense substances, animal, vegetable, and 
mineral, are noticed as being very instructive. But the his- 
tological preparations, whether of man or other vertebrates, 
or of the invertebrates, are stated to be precisely those of 
least value. The usual insect preparations meet with but 
little favour from the writer; they present, he says, a mag- 
nificent appearance, but the integument is all that has 
been preserved, and the little that remains of the internal 
organs is represented by a uniform transparent mass, in 
which the microscopist finds nothing to study. Some of 
the English preparations mounted without pressure are very 
successful, particularly those of spiders, some of which 
show the internal organs very fairly. Complaint is made that 
the preparers of animal anatomical subjects have not sufficient 
knowledge to understand what it is necessary to make visible, 
and what is the characteristic detail to be rendered evident, in 
order to make the preparation instructive. They imagine it to 
be sufficient to take a piece of tissue, injected, or otherwise, 
harden it, make longitudinal and transverse sections, then steep 
it in some dye, mount it in a beautiful cell, and by these means 
obtain a slide useful for something. For example, in certain 
“commercial” histological preparations the writer notices dis- 
associated muscular fibre, a torn nerve filament, a slice of con- 
junctive tissue, and the nerve terminations on a muscular fibre. 
What is learned? The muscular fibres have not been stretched, 
the sarcolemma is not evident, nor the nodes, nor the least 
detail of the striz, discs, and transparent spaces ; as to the other 
portions all is confusion, and nothing clearly displayed. The 
complaint is certainly true, but, it is to be feared, little will be 
done, as well made animal preparations are costly, and the pur- 
chasers few. Pretty objects are those which pay best. 


Dr. John Matthews, F.R.M.S., Vice-President of the Quekett 
Club, has contrived a machine for making sections of such sub- 
stances as bone, hard wood, ivory, nut, and other materials 
which are too hard to be cut with the section knife, and not of 
a nature to require the lapidary’s wheel. The carriage holding 
the saw runs smoothly yet firmly between friction rollers, and 
derives its reciprocating motion from a crank, which can be 
turned either by hand, or when a higher speed is required, 
driven by a treadle and pulley. The saw is provided with 
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adjustments to secure its parallelism and proper tension; the 
thickness of the section is regulated by a screw of fifty threads 
to the inch, reading to thousandths by means of a micrometer 
head ; the feed is either automatic by means of a cup, in which 
a suitable quantity of shot can be placed, acting by gravitation 
on a lever; or, as Dr. Matthews prefers, is capable of being 
regulated by hand. Owing to the steady motion of the saw 
when in proper adjustment sections of suitable tissues can be 
cut as thin as the thousandth of an inch; the surfaces show no 
trace of the saw cut, and are almost polished; very little after 
treatment is needed to remove the few scratches left by the saw, 
and if required for mounting in balsam it can be done at once, 
taking the usual precautions to prevent penetration, and the 
consequent obliteration of structure. The machine has been 
constructed with his usual care by Mr. J. W. Bailey. 


Some interesting experiments on ‘* Brownian Movements” 
have been communicated to the Royal Microscopical Society, 
by Wm. M. Ord, M.D. The paper, which does not admit of 
profitable abbreviation, will be found in vol. ii. of the Society’s 
Transactions, p. 656. 


The Royal Institution Christmas Lectures, adapted to a juve- 
nile auditory, will this year be given by Professor Tyndall, the 
subject being ‘‘ Water and Air.” As full a report as possible 
will be given in the “ Journal of Science.” 
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graphic records of, 447 

Academy of Sciences, Paris, 821 

Achromatic microscope,compound,175 

Acids and alkalies, volumetrical deter- 
mination of, 391 

— methods of conveying, 709 

Acoustics, studies in, 318 

Adams, J. C., ellipticity of Mars and 
its effec& on the motion of the 
satellites, 811 

—R. D., analysis of the Australian 
eucalyti, 390 

— W. G., new measuring polariscope, 


82 

Adhémar’s theory of evolution, 315 

Aeby, C., chemical structure of bones, 
513 

African coast, poisonous fishes on,263 

Agriculture, 203, 326 

— science of, 355 

Airy, G. B., meteorology ot Bombay 
Presidency, 201 

Albinism, vegetable, chemical study 
of, 812 

Alcohol, destructive action of on low 
forms of organic life, 513 

Aldehyds, action of the isobutyric an- 
hydride on the aromatic, 200 

Alkalies and acids, improvements in 
the volumetrical determination 
of, 391 

Allen, A. H., ‘* Commercial Organic 
Analysis” (review), 573 

— G., colour and its recognition, 395 

Alligator found in China, 327 

Aluminium sulphate as a disinfecting 


agent, 709 


VOL, XVI. (0.S.) VOL. I. (3RD S.) 


Amber, 590 

American Association for the Advance- 
ment of Science, 712 

— nervousness, 598 

‘ American Journal of Mathematics, 
Pure and Applied” (review), 


139 

American Quarterly Microscopical 
Journal, 776 

Anesthesia, safe, 176 

* Analysis, Commercial Organic ” 
(review), 573 

‘¢ Anatomy, Studies in Comparative” 
(review), 314 

Andre, G. G.,“‘Spon’s Encyclopedia” 
(review), 752 

Animals, habits of in relation to the 
weather, 728 

— senses of the lower, 316 

— the band pattern in 196, 496 

— the spiritual in, 333 

Anomalous season, the, 650 

Antarétic ice, thickness of, and its 
relations to that of the glacial 
epoch, I 

Antenne of certain diptera, 586 

Antiquities, Peruvian, 89 

Anti-vivisectionist inconsistency, 700 

Anti-vivisection in Germany, 452 

Ants, 203, 328, 451 

Ants, singular fact connected with, 
328 

Arago’s rotation, experiments on, 447 

“‘ Archeological and Historical Asso- 
ciation of Ireland, Journal of the 
Royal” (review), 119 

Arétic campaign of 1879, 819 

— expedition, results of the magneti- 
cal observations made by tle 
officers of the, 445 

— exploration, ballooning in, 163 

Arion rufus, arrangement of veins and 
arteries in, 388 

‘* Arithmetic for Use in Higher School 
Classes, Text-book of ”’ (review), 
114 

Armstrong, Capt., standard Daniel 
cell, 815 

Arnoux, P., new kind of honey, 38g 

Arsenic, detection of, 707 

— determination of, 2&9 


3G 





826 


Arsenic in dark water-colours, 586 
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“ Bible, Music of the” (review), 757 
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